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SYMPATHECTOMY IN THE TREATMENT OF PERIPHERAL 
VASCULAR DISEASE' 

Harris B. Sbumacker, Jr.; M.D., Baltimore, M». 

(From the Department of; Sitrytryi ••THA Johns Hopkins University School of 

Medicine) 

D ISORDERS of the peripheral circulation offer a particular chal- 
lenge to the medical profession because of their common occurrence 
and their disabling character. Their treatment, largely neglected in the 
past, has been the subject of intensive study in recent years. Although 
sympathectomy is still a controversial issue, there is no doubt in my mind 
that it is one of the most valuable aids in the treatment of peripheral 
vascular disease. It is my purpose to discuss the importance of the 
study of cases in an attempt to evaluate the possible benefit which may 
be derived from sympathectomy, to describe the technique employed 
in sympathetic denervation of the upper end of the lower extremities, and 
to present the results of such operations in a series of cases which I have 
studied. It is not within the province of this communication to discuss the 
diagnosis of peripheral vascular disease. As Homans 1 has pointed 
out in his excellent monograph, the sorting out of the various disorders 
of the peripheral circulation is not a particularly difficult task and no 
elaborate diagnostic equipment is necessary. t - 

THE STUDY OF CASES 

Sympathectomy may be helpful in three ways: It may increase cir- 
culation through the elimination of vascular spasm,- it may increase the 
warmth of the affected part by causing cessation of sweating and reduc- 
tion of heat loss; and it may give relief from pain. Before a patient is 
subjected to this operation it should be determined whether he will be 
likely to benefit by it and to what extent. The method employed in this 
determination is best illustrated by a study of patients with arterial 
circulatory deficiency, the largest group to whom sympathectomy is 
applicable. Diminution in peripheral arterial circulation may be due 
to occlu sion of vessels, to vasospasm, or to a combination of the two. 
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It is essential to determine in which category any given case belongs. 
Blood flow cannot be restored through obliterated arteries, but vascular 
spasm can be effectively released. Prom history and ordinary examina- 
tion, from the presence or absence of the major pulsations, from the 
character of the arteries on palpation and on x-ray examination, from 
the color changes in the extremity with alteration of position and after 
release of a constricting tourniquet, from the stability or lability of 
warmth of the affected part, much can be learned as to the degree to 
which vascular spasm contributes to the arterial circulatory deficiency. 
It is, however, important to measure the degree of vasospasm as ac- 
curately as possible. 

The method employed is observation of the skin temperature of the 
affected part before and during inhibition of sympathetic vasocon- 
strictor impulses. Observations of thermal changes may be supple- 
mented by oscillometry, various types of digital plethysmography, or 
plethysmographic study of muscle blood flow. The subject is first placed 
with the limbs exposed in a cool room, preferably one constantly main- 
tained at 20° C. The rate and degree of cooling are noted by frequent 
measurements with a thermocouple. The digits often cool to room tem- 
perature, and they may become even cooler if there is sufficient loss of 
heat by evaporation from an actively sweating extremity. This phenom- 
enon is commoner in the vasospastic diseases but may also be noted 
in obliterative arterial disease. After the skin temperature has become 
stabilized, sympathetic vasoconstrictor impulses may be eliminated in a 
number of ways. A simple and useful test is the thorough warming 
of the body, which may be done by a hot air cabinet, 2 by wrapping in 
blankets and a rubber sheet 3 or by the use of electric pads, and by 
diathermy over the lumbosacral area. 4 A similarly useful test is the 
immersion of the other extremities in warm water. 5 I occasionally 
employ such body-warming tests, particularly in order to study vaso- 
spasm both in upper and lower extremities at the same time. If good 
vasodilatation does not occur it is my feeling that some other test 
should be used as a supplementary check. Spinal anesthesia may be 
used in good-risk patients who are being hospitalized 6 ’ 7 and is especially 
valuable when both lower extremities must be investigated. General 
anesthesia can also be used, 6 but is ordinarily not advisable unless 
anesthesia is necessary for some other purpose. 

A simple and effective test which can be carried out without special 
equipment and on ambulatory patients is the study of thermal changes 
in the distribution of a peripheral nerve which lias been anesthetized 
with procaine. 6 . I frequently employ posterior tibial nerve block for 
study of the feet and ulnar nerve block for study of the hands. Periph- 
eral nerve block should not be carried out if there is infection or 
gangrene in the region where the injection must be made. The direct 
infiltration of the sympathetic nerves with procaine 0 is in many re- 
spects the ideal test, for it has the advantage over all the other methods 
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in permitting the study of tiic effect on pain of interruption of the 
sympathetic nerves. For this reason it should be used, in my opinion, 
whenever pain is present. One can study not onlj the effect on zesting 
pain but also on intermittent claudication. The technique of injection 
is not difficult; it is not a painful procedure, it may be carried out 
on ambulatory patients, and if small doses of 0.5 per cent procaine with 
adrenalin are used and care is taken to avoid injection into the blood 
stream, pleural sac, and subarachnoid space, it is a safe procedure. 0 
The accuracy of the injection of the upper dorsal sympatheties is at- 
tested by the presence of a Horner’s syndrome. If doubt exists as to 
the accuracy of lumbar sympathetic injection, the matter can be checked 
by cutaneous resistance studies. 10 



Fig. 1. — Skin temperature changes in a single digit berore and after inhibition of 
vasoconstrictor impulses by sympathetic or peripheral nerve block in a case of 
Raynaud's disease and in two cases of Buerger’s disease. 


If more than one extremity is affected the element of vasospasm 
should be studied in the extremity with the most severe damage. One 
can assume then that the capacity of the vascular bed in the other 
extremities to dilate is somewhat better than or at least as good as in 
the extremity studied. Observation of the skin temperature in the 
contralateral limb serves as a control during study of thermal changes 
in the limb being investigated during inhibition of vasoconstrictor im- 
pulses. In Fig. 1 are charted examples of thermal changes after sym- 
pathetic or peripheral nerve block in cases of pure vasospastic disease, 
obliterative arterial disease with considerable vasospasm, and oblitera- 
tive disease with little or no vasospasm. Misleading information may be 
obtained if the skin temperature of only a single digit is followed as 
was commonly done by the early workers. Fig. 2 illustrates that rise of 
temperature may be negligible in one digit but good in others. 

Essentially the same sort of study is carried out iu other types of 
peripheral vascular disease in which sympathectomy is under con- 
sideration. In cases of causalgia one is particularly interested in the 
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question of relief of pain. In postphlebitic states one should try to 
ascei tain ivhethei theie exists demonstrable evidence of vasospasm 
in the affected extremit.y. Sometimes this is evident from skin tempera- 
ture studies. Sometimes there is hyperhydrosis. In some instances I 



Fig 1 . 2.- — Skin temperature changes in a patient with Buerger’s disease before and 
after posterior tibial nerve block. The variation in the response in different toes 
is illustrated. 

have found an area of abnormally low cutaneous resistance and some- 
times an area of hyperhydrosis in the region above the internal mal- 
leolus where pigmentation and ulceration so frequently occur, an ob- 
servation which may be indicative of a localized region of vasospasm. 

THE TECHNIQUE OF SYMPATHECTOMY 

A preganglionic type of operation is employed for dorsal as well as 
lumbar sympathetic denervation. Kegardless of whether those are 
correct who feel that the chief advantage of a preganglionic operation 
is in a lesser tendency toward subsequent development of adrenalin 
sensitivity, 11 this operation seems to give better results than a post- 
ganglionic operation. For lumbar sympathectomy I use with slight modi- 
fication the muscle-splitting extraperitoneal operation which is commonly 
employed. 12 - 13 This approach is easier, permits a more adequate exposure 
of the entire lumbar ganglionated chain, and carries with it far less 
risk than the transperitoneal operation. 

Spinal anesthesia is used as a routine procedure unless specifically 
contraindicated. The patient is placed on his back with the side to be 
operated upon slightly elevated by a sandbag under the corresponding 
hip. The skin incision extends from the tip of the twelfth rib to a 
point about midway between the umbilicus and the anterior superior 
spine of the ilium (Fig. 3). The external oblique muscle and fascia 
are divided in the line of the fibers and dissected back so as to expose 
adequately the internal oblique muscle; this is then divided in the 
direction of its fibers, the incision being placed so as to point to the 
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second lumbar vertebra or about three inches above the umbilicus. 
The incision is carried as far as the border of the rectus sheath. Care 
is taken to avoid injury to the underlying intercostal nerve. The 
transvcrsalis muscle and fascia arc similarly divided. Blunt dissection 
with the fingers is now carried down in the extraperitoneal space until 



the iliopsoas muscle is felt, then anteriorly over the muscle until the 
fingers palpate the hodv of the vertebra. One can readily identify the 
ganglionated sympathetic chain with the finger tips and can ’ then 
proceed to dissect gently np and down along the course of the chain. 
A broad Denver retractor is introduced and retracted mesially, ex- 
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ascertain whether there exists demonstrable evidence of vasospasm 
in the affected extremity. Sometimes this is evident from skin tempera- 
ture studies. Sometimes there is hyperhydrosis. In some instances I 
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have found an area of abnormally low cutaneous resistance and some- 
times an area of hyperhydrosis in the region above the internal mal- 
leolus where pigmentation and ulceration so frequently occur, an ob- 
servation which may be indicative of a localized region of vasospasm. 

THE TECHNIQUE OF SYMPATHECTOMY 

A preganglionic type of operation is employed for dorsal as well as 
lumbar sympathetic denervation. Regardless of whether those are 
correct who feel that the chief advantage of a preganglionic operation 
is in a lesser tendency toward subsequent development of adrenalin 
sensitivity, 11 this operation seems to give better results than a post- 
ganglionic operation. For lumbar sympathectomy I use with slight modi- 
fication the muscle-splitting extraperitoneal operation which is commonly 
employed. 12 >13 This approach is easier, permits a more adequate exposure 
of the entire lumbar ganglionated chain, and carries with it far less 
risk than the transperitoneal operation. 

Spinal anesthesia is used as a routine procedure unless specifically 
contraindicated. The patient is placed on his back with the side to be 
operated upon slightly elevated by a sandbag under the corresponding 
hip. The skin incision extends from the tip of the twelfth rib to a 
point about midway between the umbilicus and the anterior superior 
spine of the ilium (Fig. 3). The external oblique muscle and fascia 
are divided in the line of the fibers and dissected back so as to expose 
adequately the internal oblique muscle; this is then divided in the 
direction of its fibers, the incision being placed so as to point to the 
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subcuticular sutures of fine silk. The operation can usually be com- 
pleted in twenty to forty minutes. 

The operation used for denervation of the upper extremities is es- 
sentially the upper dorsal sympathectomy proposed by Smithvick. 11 
It is the same type of operation which Telford performs through an 
anterior incision. 14 A modified muscle-splitting posterior appioach is 
used (Pig. 4). The patient is placed prone on the table with a sandbag 



Fig- 4B — Dorsal sj mpathectomj -nith incision through lumbodorsal fascia 


under the sternum, one arm lying alongside the trunk, the other for- 
ward along the head. The patient is anesthetized with sodium pentothal 
given intravenously. In my opinion this anesthetic is far superior to 
inhalation anesthetic w’ith or without an intratracheal catheter. An 
incision 7 or 8 cm long is made from the first thoracic spinous process 
to the spine of the scapula The trapezius muscle is incised in the line 
of its fibers, thus exposing the rhomboid muscles, which are divided in 
the line of the fibers The ribs are identified and an incision is made 
through the lumbodorsal fascia over the third rib. The mesial portion of 
this incision is continued through the iliocostalis eervicis Sometimes 
a few of the lateral fibers of the longissimus dorsi are divided. The 
periosteum of the rib is incised and the inner 3 cm of the rib are 
removed, care being taken to avoid opening the pleura. The pleura 
and the endothoracic fascia are pushed back gently from the second 
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posing the vertebrae, the aorta or vena cava, and the sympathetic chain. 
The ureter lies in the extraperitoneal tatty tissue, which is held out 
of the field by the retractor. The lumbo-inguinal nerve is seen lying on 
the iliopsoas muscle and should not be injured. A small Deaver re- 
tractor is placed in the upper or lower end of the wound as needed to 



. ruction of the patient and line of m- 
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extradural; but Smithwick has suggested intradural division as an ad- 
ditional safeguard against regeneration, and I believe this procedure 
is preferable. The freed spinal ganglion is picked up and the rami to 
the sympathetic ganglion are divided. The intercostal nerve is now 
divided so that the excised specimen consists of the inner inch of the 
nerve with its ganglion and dorsal and anterior roots. 



Fig. \B . — Dorsal sympathectomy The sympathetic chain is sutured to the muscle. 

After this procedure has been carried out w ith both second and third 
nerves the sympathetic chain is divided eaudad to the third ganglion 
and the freed chain and decentralized second and third ganglia are 
brought up into the wound and sutured to the muscle. A few inter- 
rupted sutures of fine silk approximate the iliocostalis muscle, the 
rhomboids, and the trapezius. The skin is closed with subcuticular 
sutures of silk. It is my custom to place in the extrapleural space before 
closure of the wound about 4 Om. of sulfanilamide pow T der. Once in 
a while a pleural tear will occur, though this can usually he avoided 
by care in freeing and removing the rib and in stripping back the 
endothoracic fascia. When it occurs the lung is fully expanded by 
positive pressure before the wound is closed, and no harm results. 

Patients recover quickly from both the lumbar and the dorsal opera- 
tion. They are ordinarily able to sit up in a chair within a few days 
and may be subjected to a second operation in from four to seven days. 
Immediately after operation the denervated extremity is dry and warm 
to its maximum extent. Cutaneous resistance is high. A curious 
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and foui tli ribs and from the vertebral bod}' The tip of the transverse 
process and the remaining head and neck of the rib are removed The 
second and third intercostal nerves are identified and dissected free 
down to the doisal root ganglia Just beneath are the second and third 
sympathetic ganglia A nerve hook is introduced between the anterior 
and posterior roots and by retraction these roots aie brought into view 
The doisal root is divided and then the anterior loot is divided either 
e\ti adurally or intradurallv In many of my cases the division was 
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The young woman in whom there was purpura limited to the vasospastic 
lower limbs, and with negative hematologic studies and negative 
tourniquet test in the arms, showed little or no improvement in the 
purpura although this is well controlled with elastic stockings, and hex 
coldness and numbness have disappeared. The patient with causalgia 
has had no further pain. One patient included in this group was a 



Fig. 5. — Showing the area denervated by removal ot the second and third lumbar 
ganglia (A), by removal of the first, second, and third ganglia (B), and by dorsal 
sympathectomy (<7), the areas inked in do not sweat on the Minor test and have 
abnormally high cutaneous resistance. 

young man with elephantiasis in whom hyperhydrosis was so great that 
maceration of the skin occurred. It was felt hazardous to proceed with 
the plastic operation for elephantiasis until the hyperhydrosis had been 
corrected by sympathectomy . 10 

Results of Sympathectomy for Phlebitic Sequelae and Chronic Leg 
Ulcers. Fourteen lower limbs have been sympatheetomized in thirteen 
patients who suffered from phlebitic sequelae or chronic leg ulcers. 
Ten of the patients had had femoro-iliae thrombophlebitis; six°of these 
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phenomenon occurs on about the fourth, fifth, or sixth day. The hand or 
foot cools, cutaneous resistance falls somewhat, and sweating may even 
occur. The degree of this change is variable, and it is much more 
noticeable in the hands than in the feet. No entirely satisfactory 
explanation for this phenomenon has been found. It may be due to 
vasoconstrictor impulses arising in the decentralized sympathetics as- 
sociated with degeneration of fibers. At any rate, within a few days 
the skin temperature again rises as does the cutaneous resistance, and 
sweating is impossible. This state of affairs continues indefinitely. Should 
degeneration occur at some future date, evidence of vasoconstriction 
would return. In the present series there has been no evidence of 
regeneration following either dorsal or lumbar sympathectomy. The 
area which has been denervated may be outlined by the Minor sweating 
test or by mapping out of the area of high resistance to the passage 
of a small electrical current. 15 The areas denervated by removal of 
the second and third lumbar ganglia, by removal of the first, second. 
and third lumbar ganglia, and by the dorsal sympathectomy are il- 
lustrated in Fig. 5. 

RESULTS OF SYMPATHECTOMY' 

The present series consists of S3 sympathectomies performed upon 54 
patients in the Johns Hopkins Hospital since November, 1939. Included 
are only those cases studied by me. The operations have been performed 
either by me or by the resident staff under my direction. 

Results of Sympathectomy in Vasospastic Disease. — Twenty-six sym- 
pathectomies have been performed upon thirteen patients with vasospas- 
tic disease (Table I). Seventeen upper and nine lower extremities 
were denervated. Nine of the patients were females, four were males. 
Eight of them suffered from the common type of Raynaud's disease. 
Four additional patients had a Raynaud-like syndrome: One was as- 
sociated with severe causalgia of the thumb following a bone felon; 
one was associated with prominent livedo reticularis; one was associated 
with purpura; two followed mild frost-bite. The result was excellent 
in all the patients save one. The exceptional patient (Case 2) was 
definitely improved, with cessation of attacks of vasospasm from emo- 
tional excitement but persistence of annoying sensitivity to cold. There 
has been no further alteration in his symptoms during the two years 
of observation. Six of the patients had varying degrees of seler-oderma, 
in most instances very pronounced. In all of these there has been a 
considerable improvement in the scleroderma; the skin is softer and 
the digits are more mobile. Whenever digital ulcers or gangrenous 
patches were present they healed promptly and have not recurred. 
The patient in whom there was arthritis of the hands in addition to 
Raynaud’s disease has not only been relieved of the attacks of vaso- 
spasm but has had considerable improvement in the arthritis. The girl 
with livedo reticularis has shown much improvement in this regard. 
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Table III 

Sympathectomy in Cases op Obliterative Arterial, Disease With a Considerable Element of Vasospasm 
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Results or Sympathectomy for Piilebitic Slqullak and Chronic Leo Ulceus 
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gangrenous toe in which there rvas x-ray evidence of osteomyelitis 
and primary healing of the amputation stump following removal of 
another toe in which there was extensive chronic osteomyelitis. Case 
49 is that of a man who, during a period of 22 years, had gradually 
lost parts of most of his toes from gangrene following a severe frost- 
bite. A chronic ulcer of the foot healed promptly after operation. 
One patient (Case 52) with arteriosclerosis, intermittent claudication 
in the thigh, burning pain in the foot, and impending gangrene of 
several toes has had noticeable improvement in circulation and relief 
from resting pain. The claudication continues. Case 43 is a man with 
Buerger’s disease who complained of coldness of his foot and pain on 
walking a few blocks. He showed definite improvement in circulation 
following operation and could walk without discomfort. 

It should be stated that almost all of the patients with obliterative 
arterial disease had had the usual nonoperative treatment before op- 
eration — exercises, pavex, intermittent venous occlusion, intravenous 
administration of saline solution, intravenous sodium thiosulfate in- 
jections, and abstinence from smoking. Some had undergone prolonged 
and intensive treatment. It is also of interest that various forms of 
nonopei’ative treatment have been tried since operation in a few of the 
patients who had residual symptoms without any further improvement. 

DISCUSSION 

Sympathectomy should receive full consideration as a means for the 
treatment of peripheral vascular disease. Every patient with oblitera- 
tive arterial disease of the extremities and those with annoying vaso- 
spastic disease merit careful study to see whether they may be helped 
by sympathectomy. Before any patient is subjected to sympathectomy 
he should be studied carefully in an effort to evaluate the possible 
benefit from this procedure from the standpoint of release of vaso- 
spasm, relief of pain, and reduction in heat loss through sweating and 
evaporation. Sympathectomy will probably find a wider field of ap- 
plicability in the treatment of other disorder’s of the peripheral cir- 
culation. 

No matter how striking the improvement after sympathectomy, pa- 
tients should continue to take the best of care of their extremities and 
to do everything possible to prevent progress of the disease and to 
further the development of collateral circulation. Those with arterial 
circulatory deficiency should not smoke, should avoid exposure to 
extremes of temperature, should take exercise to the point of tolerance, 
and should take special exercises to promote collateral circulation! 
Every patient who has undergone sympathectomy should keep the ex- 
tremity well greased in order to avoid excessive dryness of the skin. 

Sympathectomy gives excellent results in the treatment of Ray- 
naud’s disease and the other purely vasospastic arterial cireulatorv 
deficiencies. Ordinarily, the extremities become warm and dry and 
ase. In a small percentage of eases, as in one 
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of mine, there are no further attacks from emotional stimuli hut the 
extremities continue to cool abnormally on exposure to cold. The 
proper explanation for this small group of less favorable cases is diffi- 
cult to find. The current tendency is to ascribe the result to too much 

local fault.” In the vasospastic disorders, as in most diseases, the 
earlier the stage at which treatment is undertaken the better the result 
obtained. Results are certainly better in those cases in which there are 
no pathologic alterations in skin or bone. In the present series all in- 
stances of scleroderma were improved, in some patients very strikingly. 
There was no further spread, the skin became softer, contracted stiff 
fingers became more movable. There are cases, however, in which less 
favorable results are obtained. It seems fair to say that improvement 
will take place in scleroderma in most instances, that in some there will 
be little improvement but the progress of the disease will be stopped, 
and that in others the progress of the disease will be definitely slowed. 
Digital ulcere may be expected to heal and not to recur. 

In the common obliterative arterial diseases, thromboangiitis and 
arteriosclerosis, much can be accomplished by sympathectomy. The 
circulation often improves noticeably, sweating ceases and with it the 
tendency to maceration and to epidermophytosis, ulcers often heal, 
and impending gangrene frequently disappears. There is commonly 
the most gratifying relief of resting pain. If the relief should not be 
complete, judicious application of peripheral nerve interruption, as 
suggested by White, will prove of great benefit. Pain on exercise 
presents a more difficult problem. The pain which some patients ex- 
experience in their feet on walking is ordinarily relieved. The typical 
intermittent claudication of the calves, however, is the symptom for 
which sympathectomy accomplishes least. Sometimes there is no im- 
provement at all in the distance the patient can walk, although actual 
pain may be replaced by a sense of fatigue. Occasionally there is 
striking relief of intermittent claudication. More often there is moderate 
increase in the distance walked before onset of pain. To increase the 
walking distance from half a block to three or four blocks is not a 
spectacular improvement, but it may mean the difference between a 
very restricted life and a fairly active one. 

In general, the good effects which may be expected from sympa- 
thectomy can be fairly well assayed by careful study before operation. 
Whenever there is disagreement between the evaluation arrived at 
from preoperative studies and the actual result of operation, the result 
obtained is always better than the one anticipated. Experiences such 
as those recorded in Table IV illustrate the fact that certain patients 
in whom no significant element of vasospasm can be demonstrated may 
profit remarkably by sympathectomy. Consequently, I feel that in cases 
of apparently pure or almost pure obliterative arterial deficiency cer- 
tain ones wliich appear hopeful to those experienced in this field may 
■ t'fiablv be subjected to sympathectomy. It must he remembered that 
Jll f \ " re i a tive'ly safe operation with a short and comfortable con- 
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valescence. If a number of major amputations can be saved in this 
manner one need not regret a few futile efforts. It should be stated 
emphatically, however, that the routine use of sympathectomy with- 
out any attempt at selection of eases and without proper preoperative 
study would be most inadvisable and would only bring discredit to the 
procedure. It is my impression that in any patient with obliterative 
arterial disease and significant vasospasm, one can accomplish fully 
as much, probably more, with a short period of hospitalization and a 
simple operative pi’ocedure as one can hope to accomplish by almost 
daily treatments with the paves boot, intermittent venous occlusion, va- 
rious sorts of intravenous injections, and other so-called conservative 
measures. The timesaving and moneysaving element of this choice of 
treatment is a most important consideration to most of the patients, 
many of whom come for help only after they have become impoverished 
by prolonged medical treatment and inability to work. 

Patients with sequelae from frostbite are an interesting group. Some 
of them have no demonstrable evidence of obliterative disease but present 
a more or less typical Raynaud syndrome. Such patients respond beau- 
tifully to sympathectomy. Others have varying degrees of obliterative 
arterial disease. The role of sympathectomy in their treatment is much 
the same as in the other obliterative arterial diseases. Proper treatment 
at the time of the initial frostbite will undoubtedly reduce greatly the 
number of patients who have vascular symptoms thereafter. It is my 
feeling that lumbar sympathetic procaine block is probably the most 
effectual treatment for such cases. If one or more such injections 
should fail to give lasting benefit one should not hesitate to proceed 
directly with operative sympathectomy. 

Similarly, the proper care of those suffering from acute throm- 
bophlebitis will undoubtedly reduce the number who develop pblebitie 
sequelae. Sympathetic block, suggested by Leriehe and introduced in 
this country by Ochsner and Iris associates, is a valuable aid in the 
treatment of acute thrombophlebitis. Proper and sufficient bed rest 
until there is little or no edema when the affected limb is dependent, 
and the use of elastic support as long as there is the slightest edema 
are other important measures. Such care will decrease the number of 
patients who will subsequently suffer from swollen painful limbs, in- 
tractable ulcers, hyperesthesia, and recurrent episodes of thrombophle- 
bitis. Sympathectomy seems to have a definite place in the treatment 
of certain of these sequelae, although its status is in certain respects 
still in the experimental stage. From my experience with two eases 
it is not felt that sympathectomy will prevent farther attacks in eases 
of recurrent thrombophlebitis, hut it can he expected to decrease the 
duration and severity of attacks. Perhaps it may prove useful in this 
regard in combination with ligation of the vein. Sympathectomy affords 
considerable or complete relief from the annoying discomfort that so 
commonly exists after phlebitis, especially in those patients with cutan- 
eous hyperesthesia and vasospasm. It has a definite place in the man- 
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of mine, there are no further attacks from emotional stimuli hut the 
extremities continue to cool abnormally on exposure to cold. The 
proper explanation for this small group of less favorable cases is diffi- 
cult to find. The current tendency is to ascribe the result to too much 

local fault.” In the vasospastic disorders, as in most diseases, the 
earlier the stage at which treatment is undertaken the better the result 
obtained. Results are certainly better in those eases in which there are 
no pathologic alterations in skin or bone. In the present series all in- 
stances of scleroderma were improved, in some patients very strikingly. 
There was no further spread, the skin became softer, contracted stiff 
fingers became more movable. There are cases, however, in which less 
favorable results are obtained. It seems fair to say that improvement 
will take place in scleroderma in most instances, that in some there will 
be little improvement but the progress of the disease will be stopped, 
and that in others the progress of the disease will be definitely slowed. 
Digital ulcers maj r be expected to heal and not to recur. 

In the common obliterative arterial diseases, thromboangiitis and 
arteriosclerosis, much can be accomplished by sympathectomy. The 
circulation often improves noticeably, sweating ceases and with it the 
tendency to maceration and to epidermophytosis, ulcers often heal, 
and impending gangrene frequently disappears. There is commonly 
the most gratifying relief of resting pain. If the relief should not be 
complete, judicious application of peripheral nerve interruption, as 
suggested by White, will prove of great benefit. Pain on exercise 
presents a more difficult problem. The pain which some patients ex- 
experience in their feet on walking is ordinarily relieved. The typical 
intei'mittent claudication of the calves, however, is the symptom for 
which sympathectomy accomplishes least. Sometimes there is no im- 
provement at all in the distance the patient can walk, although actual 
pain may be replaced by a sense of fatigue. Occasionally there is 
striking relief of intermittent elaudication. More often there is moderate 
increase in the distance walked before onset of pain. To increase the 
walking distance from half a block to three or four blocks is not a 
spectacular improvement, but it may mean f lie difference between a 
very restricted life and a fairly active one. 

In general, the good effects which may be expected from sympa- 
thectomy can be fairly well assayed by careful study before operation. 
Whenever there is disagreement between the evaluation arrived at 
from preoperative studies and the actual result of operation, the result 
obtained is always better than the one anticipated. Experiences such 
as those recorded in Table IV illustrate the fact that certain patients 
in whom no significant element of vasospasm can be demonstrated may 
profit remarkably by sympathectomy. Consequently, I feel that in eases 
of apparently pure or almost pure obliterative arterial deficiency cer- 
tain ones which appear hopeful to those experienced in this field may 
1 ly be subjected to sympathectomy. It must be remembered that 
J y ] - n -i relatively safe operation with a short and comfortable eon- 



MEASUREMENT OF THE CIRCULATION RATE 

A Review of the Methods 
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INTRODUCTION 

T HE methods proposed for determining the rate of blood flow in the 
vessels are numerous, and one confronted with the task of measuring 
this velocity must evaluate carefully all the factors involved in the 
particular type of cases to be studied. Circulation rate, which is the 
time required for blood to be transported from one point in a vessel 
to a definite distant point, is expressed most accurately in terms of dis- 
tance per unit time, as centimeters per 'second. Clinically, however, the 
circulation rate has come to mean just the time required for the trans- 
port, in order to differentiate it from the circulation time, which has been 
defined by Koch “By circulation time is understood the time required 
for a blood particle to traverse an entire circulation. ’ ’ Obviously, since 
the circulation time may be long or short depending on the choice of the 
vessels selected by the indicator, circulation time is rarely determined 
clinically. 

Blumgart 5 has written a good discussion of blood velocity, and with 
his collaborators' 3 has stated that, in order to be used in testing the 
circulation rate, the indicator should: (a) be nontoxie in the amounts 
used, (b) not itself influence the velocity of flow at the time of determina- 
tion, (c) with its effect, disappear rapidly, (d) have a short reaction 
time, and (e) be applicable to normal and pathologic cases. 

The following review is intended as a survey of the history of circula- 
tion rate determination. 

METHODS 

Yolkmann, in 1850, used the pressure of the blood as a measure of 
its velocity, replacing a segment of the blood vessel with a hairpin-shaped 
glass tube filled with water, an instrument to which he applied the name 
haemodromometer. Vierordt, in 1858, inserted a pendulum-like device 
in the vessel lumen, the velocity being calculated from the extent of 
deflection, an instrument he called the haemotaehometer, and which was 
later modified by Chauveau, Bertolus, and Laroyen. 12 Cybulsld’s 
photohemotachometer 14 was a variation of the same principle. Similarly, 
the differential manometers of Frank 22 and Daly, 15 though differing from 
each other in principle, have the common disadvantage of requiring 
insertio n into a divided vessel. The stromuhr, even in the experimental 
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agoment of poslplilebitic ulcers, especially when they are small and 
Ihe surrounding tissue is not too indurated. In cases of large ulcers 
with much induration, wide deep excision of the affected tissue and 
skin grafting should be carried out. If such patients have demonstrable 
vasospasm this procedure may be combined profitably with sympathetic 
denervation. 

Sympathectomy gives excellent results in certain eases of causalgia. 
In cases of post-traumatic edema and osteoporosis and other vasospastic 
states, as well as in “phantom-limb pain,” it should be carried out if 
relief has been obtained with procaine block of the sympathetic nerves 
provided a permanent cure cannot be effected by one or several pro- 
caine injections. 

SUMMARY 

The value of sympathectomy in the treatment of disorders of the 
peripheral circulation has been discussed. The study of patients in an 
attempt to evaluate the possible benefit of sympathectomy is outlined, 
the operative technique of dorsal and lumbar sympathectomy is de- 
scribed, and the results in sympathetic denervation of eighty-three ex- 
tremities are presented. 
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MEASUREMENT OF THE CIRCULATION RATE 

A Review of the Methods 

Carroll J. Bellis, M.D.,* Minneapolis, Minn. 

(From the Department of Surgery , University of Minnesota Hospital) 

INTRODUCTION 

T HE methods proposed for determining the rate of blood flow in the 
vessels are numerous, and one confronted with the task of measuring 
tins velocity must evaluate carefully all the factors involved in the 
particular type of eases to he studied. Circulation rate, which is the 
time required for blood to be transported from one point in a vessel 
to a definite distant point, is expressed most accurately in terms of dis- 
tance per unit time, as centimeters per second. Clinically, however, the 
circulation rate has come to mean just the time required for the trans- 
port, in order to differentiate it from the circulation time, which has been 
defined by Koch : 47 ‘ ‘ By circulation time is understood the time required 
for a blood particle to traverse an entire circulation.” Obviously, since 
the circulation time may be long or short depending on the choice of the 
vessels selected by the indicator, circulation time is rarely determined 
clinically. 

Blumgart 5 has written a good discussion of blood velocity, and with 
his collaborators 00 has stated that, in order to lie used in testing the 
circulation rate, the indicator should: (a) be nontoxie in the amounts 
used, (b) not itself influence the velocity of flow at the time of determina- 
tion, (c) with its effect, disappear rapidly, (d) have a short reaction 
time, and (e) be applicable to normal and pathologic cases. 

The following review is intended as a survey of the history of circula- 
tion rate determination. 

METHODS 

Yolkmann, in 1850, used the pressure of the blood as a measure of 
its velocity, replacing a segment of the blood vessel with a hairpin-shaped 
glass tube filled with water, an instrument to which he applied the name 
liaemodromometer. Vierordt, in 1858, inserted a pendulum-like device 
in the vessel lumen, the velocity being calculated from the extent of 
deflection, an instrument he called the haemotaehometer, and which was 
later modified by Chauveau, Bertolus, and Laroyen. 12 Cybulski’s 
photohemotaehometer 14 was a variation of the same principle. Similarly, 
the differential manometers of Frank 22 and Daly, 15 though differing from 
each other in principle, have the common disadvantage of requiring 
insertio n into a divided vessel. The stromuhr, even in the experimental 
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animal, was proved by Dogicl 15 to be inaccurate, the velocity varying 
from turn to turn. By prolonging the time of observation, however, 
Burton-Opitz 11 was able to use the recording stromuhr successfully. The 
thermostromuhr of Rein" 7 stands as a magnificent tribute to the genius 
of its inventor, blood volume flow between two points in a vessel being 
calculated from the thermal change after a definite quantity of heat has 
been applied to the vessel wall. 

These devices, however suitable for the experimental animal, cannot be 
employed clinically, and investigators have suggested numerous methods 
by means of which circulation rate may be determined with less trauma, 
and, perhaps, with more directness. Vierordt 87 previously had made use 
of the “muscae volil antes” of Aristotle, measuring the capillary blood 
velocity in his own eve by projection of the image of a moving corpuscle 
on a white surface and obtaining a rate of 0.5 mm. per second as 
capillary blood velocity. Even before this, Tiering 33 had determined the 
jugular-to-jugular time in a horse by injecting potassium ferrocyanid 
into one jugular vein and determining the time of arrival in the opposite 
jugular by the Prussian blue reaction, finding that the jugular-to- 
jugular and jugular-to-tarsal times were nearly the same. Vierordt, 
however, obtained the blood samples for testing in little cups fixed to 
a disk rotating at a definite rate, an instrument he described as the 
hemotachometer, a method which was highly l-efined in the hands of 
Hermann 34 ’ 38 and Ainser and Lohe. 1 Very accurate determinations of 
circulation rate between different arbitrary points in the experimental 
animal have been made by these investigators. 

Vsing this principle, many substances have been utilized. Koch 46 in- 
jected fluorescein into one vessel and collected blood samples on a 
Vierordt disk. Meyer 53 used methemoglobin obtained from a donor ani- 
mal, determining its arrival time spectroscopically, and Thompson, 
Alper, and Thompson 65 injected brilliant vital red solution in man, 
securing blood samples from the same vein every fifteen seconds. Simi- 
larly, Klein and Heinemann 45 used Congo red solution, Heilmever and 
Riemschneider 31 determining the instant of arrival spectroscopically. 
Stewart 64 injected methylene blue into the rabbit vein and determined 
its arrival time in the retina by direct inspection. Bornstein 10 adminis- 
tered a single deep inspiration of air containing 5 to 7 per cent earbon 
dioxide, and determined the interval between the inspiration and the 
first deep inspiration to follow involuntarily, assuming this interval to 
be circulation time between the lung capillaries and the respiratory 
center. Franck and Ahrens- 1 roentgenographieally determined the 
arrival of bismuth oil at a second point in a vessel after injection at a 
first point. Frimann-Dahl 23 measured the interval between the injection 
0 f per-Abrodil, a radiopaque iodine-containing substance, into the 
saphenous vein and its rocntgcnographic appearance in the femoral vein. 
Hh-schsohn and Maendel 43 and Kaliler 4 * used the intravenous injection 
f5cc of a 10 per cent solution of calcium chloride, which was followed 
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by a feeling of ■warmth and burning in the throat, and which they be- 
lieved was due to the arrival of the salt at the nerve endings in the 
tissues, the warm feeling gradually extending to the chest, abdomen, 
pubis, anus, legs, and feet, in an inconstant order. Leschke 48 used 
calcium bromide for this purpose with a similar effect. 

Blumgart and his co-workers 0 ' 3 studied circulation rate by injecting 
radium C at one point and determining its arrival at another point by 
a counting chamber, an exceedingly accurate clinical method but one 
equally tedious and elaborate. Edmunds 17 and Stewart, 61 ' 63 however, 
had injected concentrated sodium chloride solution intravenously into 
animals and determined its arrival at one point by the change in con- 
ductivity of the vessel placed between two nonpolarizable electrodes. 
Meldolesi applied this method to human beings in 1925, using an elec- 
trode placed near the observation point in a galvanometer circuit. 

Neubauer, 54 experimenting on the choleretic action of bile salts, found 
that a side action of dehydroeliolie acid was its bitter taste, and Winter- 
nitz, Deutsch, and Briill 71 using this substance as “decholin” first de- 
scribed its action as a determiner of circulation time to the tongue, a 
method which Gargill 24 lias tested and found to be practicable. 
Eppinger 18 first recognized the applicability to this problem of the skin 
flushing after intravenous histamine injection, the method having been 
used clinically in over 600 determinations by Wollheim and Lange. 72 
The principal objection to this method, observed by Harmer and 
Harris, 29 aside from its limited observable circuit, is the fall in blood 
pressure and great increase in pulse rate which accompanies the reaction. 
Fishberg, Hitzig, and King 20 found that saccharine introduced into a 
vein caused a sweet taste, the interval between injection and the signal 
by the patient being the time for passage through the vein, to and 
through the heart and lungs to the tongue. The reaction time of the 
patient is included. Webb, Sheinfeld, and Colin 68 measured the interval 
between the intravenous injection of a small quantity of ether and its 
detection in the breath of the subject by the observer. 

Geppert, in 18S9, 26 observed an increase in respiratory depth in ani- 
mals after intravenous injection of calcium cyanide during his studies 
on the mechanism of hydrocyanic acid asphyxiation. Gasser and Loeven- 
hart 25 then used sodium cyanide as a respiratory stimulant in animals 
in an attempt to show that stimulation of the respiratory center was due 
to diminished oxidation, observing that the respiratory response in the 
rabbit after external jugular injection was “surprisingly rapid” (within 
three seconds). A few years later, Loevenliart and his colleagues 52 ap- 
plied the method clinically, Robb and Weiss 58 finding later that” the toxic 
dose of sodium cyanide was twenty times that required for a respiratory 
response. These workers used a 2 per cent solution in water and con- 
cluded that the cyanide was excreted as hydrogen cyanide by the lungs 
as cyanides and sulfocyanides by the urine, and that the remainder was 
converted into relatively innocuous sulfur compounds. 
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The question as to the exact site of action of sodium cyanide in pro- 
ducing the hyperpnea has been debated. The fact that HON is one of 
the strongest respiratory stimulants known (Heinz 32 ) has led some to 
believe that this action of cyanide is directly on the respiratory center 
(Kobertson ; 5B Loevenhart and associates ; 28 ’ 51 Gesell and co-work- 

crs • J °’ ,0 and Heffter 30 ). However, in 1927, Hertzman and Gesell 36 
in cross circulation experiments had evidence that cyanide could exert 
its stimulating action with the head isolated. This work was followed 


Table I 

Circulation Times as Determined by Various Observers With Different 
Methods (Times in Seconds) 


TIME 

ROUTE 

method 

OBSERVER 

20-25 

j ugular-to- j ugular 
(horse) 

ferroeyanide 

lie ring 8 8 

14-59 

j ugular-to- jugular 

ferroeyanide 

Ainser and Lohe 1 

18-23 

cubital-to-cubital 

(man) 

fluorescein 

Koch** 8 , 47 

16-18 

femoral-to-right 
atrium (dog) 

bismuth oil 

Franck and Alwens 21 

9-15 

cubital-to-moutli 

(man) 

cubital-to-skin 

(man) 

calcium chloride 

Kaliler 44 

10-12 

calcium chloride 
and bromide 

Leschke 48 

6 

cubital- to-opposite 
radial artery (man) 

Congo red 

Ivlein and Heine- 
mann 45 

4-7.6 

lesser circulation 
(dog) 

greater circulation 
(dog) 

entire circulation 
(dog) 

cubital-to-face 

conductivity 

Romm 88 

3.5-7.1 

conductivity 

Romm 88 

8.9-12.8 

conductivity 

Romm 88 

13-30 

histamine 

Weiss, Robb, and 
Blumgart 88 

14-24 

cubital-to-opposite 
brachial (man) 

radium C 

Weiss, Robb, and 
Blumgart 88 

15-20 

cubital-to-tongue 

(man) 

cubital-to-tongue 

(man) 

decholin 

Gargill- 4 

8-14 

decholin 

Winternitz et al. 71 

12.5-18 

eubital-to-carotid 

sodium cyanide 

Gargill 84 


(man) 

8-16 femoral vein-to- 

earotid (dog) 

1 through heart (man) 

G.5 lesser circulation 

(man) 

10,7 cubital-to-tongue 

(man) 

g,3 cubital-to-lung (man) 


sodium cyanide 

radium C 
radium C 

saccharine 

ether 


Winder, Winder and 
Gesell™ 

Blumgart and Weiss 7 
Blumgart and Weiss 8 

Webb, Sheinfeld, and 

Colin 88 

Webb, Sheinfeld, and 
Colin 88 


by the painstaking, ingenious studies of Ileymans and his collabora- 
tors 32 - 42 who have proved that the carotid sinus is the origin of the 
respiratory reflexes, that in the dog cyanide acts on the sinus with little 
• no effect, on the center, that there is an instantaneous effect, on respira- 
fteJ . injection of cyanide into the common carotid artery, that the 
tIOn 3 o£ e y an ide on the center is depressive, and that no response to 
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cyanide is obtained if both carotid sinuses are denervated. These re- 
searches have been confirmed by Bernthal 1 and Comroe and Schmidt. 

The only objections to the use of sodium cyanide in the determination 
of circulation rate relate to the effect on the heart, which may alter the 
true rate by the salt itself. Barnard , 2 Loevenhart and Eyster / 0 Evans , 9 10 
and Beilis 3 have shown that cyanide increases the force, rate, and ampli- 
tude of the heart, but these effects occur simultaneously with the respira- 
tory response and cannot, therefore, be taken to influence it. Another ob- 
jection to the methods of determining circulation rate by intravenous 
indicators such as sodium cyanide arises from the observations of 
Tigerstedt 66 that the speed of the central or axial portions of a stream 
may be twice that of the peripheral portions, but this, although true for 
constant flow in rigid tubes of constant diameter, does not hold for the 
blood stream with its turbulence due to pulse, elastic walls, contained 
cells, and varying diameters of the vessels. 

By way of comparison, Table I is presented to show the values ob- 
tained for circulation rates by the corresponding observers using various 
methods. The purely objective response obtained after the injection 
of sodium cyanide intravenously greatly simplifies its routine use. With 
this advantage is coupled that of application in colored individuals 
(where histamine cannot be used). 


SUMMARY 


A brief historical review of the methods which have been used for 
the determination of the circulation rate has been presented. This in- 
formation formed the basis for selecting sodium cyanide as the de- 
terminant in surgical patients. These results are described in a succeed- 
ing paper. 
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THE CIRCULATION RATE AFTER. OPERATION 

With Special Reference to the Effect of Position 

Carroll J. Bellis, M.D.,® A. Keller Doss, 
and Charles B. Craft, MJD.,i Minneapolis, Minn. 

(From the Department of Surgery, University of JUtnnesota Kospitals) 

INTRODUCTION 

I T MUST be evident, to even a casual observer, that opening the ab- 
domen upsets a finely adjusted circulation-respiration equilibrium, 
the delicate interplay of whose components is responsible for normal 
circulatory efficiency. As a group, therefore, surgeons are, perhaps, 
more interested in acute changes in circulatory dynamics, and with good 
reason, for circulatory collapse, during surgery or immediately after, 
points an accusing finger at the surgeon. It is well known that the 
human body has an almost incredible, but limited, power to adjust 
itself to unusual demands on its circulation. In fact, Harvey 10 wrote, 
“The circuit of blood is accomplished now more rapidly, now more 
slowly according to the temperament, age, and so forth of the individual, 
to external and internal circumstances, to naturals and non-naturals — 
sleep, rest, food, exercise, affections of the mind, and the like — 
Frimann-Dahl , 3 who has advocated the theory of slowed venous flow 
as the most important factor in postoperative thrombosis, showed roent- 
genographically that the movements of the diaphragm, which acts as 
a pump on the veins inferior to it, are shallower after operation; 
especially is this decreased pumping action evident on the veins of 
the upper abdomen. Men were more affected in this manner than were 
women, but the effect in women was more protracted. He found that 
the saphenous-to-femoral venous flow in patients undergoing operations 
predisjosing to thrombosis was reduced to a standstill. Flow in the arm 
veins, however, was not so retarded. Postoperative distention caused 
considerable venous stasis. He, therefore, attributed the slowing of 
saphenous flow to (a) abdominal distention leading to increased intra- 
abdominal pressure and to (b) inactivity of patients. Bellis and 
Wangensteen 1 have confirmed the retarding effect of intestinal disten- 
tion on venous return from the lower extremities in man and in the 
experimental animal. 

Lanzara 16 determined the deeholin time in sixty-six cases pre- 
operatively and postoperatively. He usually found a shortened post- 
operative time, the figures remaining within normal limits, however. 

•Now at O'Reilly General Hospital. U. S. Army, Springfield. Missouri 
INow at Fort Worth. Texas. 
tNow at Bozeman, Montana. 

D.£?“ M b,iCaUon - BUrCaU ° f PubUc Belations - Apartment. Washington. 
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Webb, Sheinfeld, and Colin 30 staled that no significant differences be- 
tween preoperative and postoperative circulation rates were present 
when determined by the saccharin and ether method. They also stated 
that laparotomy, spinal anesthesia, morphine, slight elevation of pulse 
and temperature, and moderate abdominal distention did not affect the 
circulation rate. Inspection of their table of eight cases subjected to 
spinal anesthesia, however, shows that every patient experienced a 
shortened circulation time after the procedure. In one individual, the 
time after the anesthetic was nine seconds shorter than before. 

Since the effect of operation on circulation rate is apparently open 
to discussion, the question was reopened in the investigations to he 
described. 

METHOD 

Using the sodium cyanide method, the cubital-to-carotid and ankle- 
to-carotid circulation times were determined in 191 cases preoperatively 


Table IA 


Cubital Vein to Carotid Body and Ankle Vein to Carotid Body Cikculation 
Times (Seconds) Determined Preoperatively and Postoperatively 
by tiie Sodium Cyanide Method 


TYPE OF 

OPERATION j 

NO. 

OF 

CASES 

| CUBITAL-TO-CAROTID* 


PRE- 

OPERATIVE 

POST- 

OPERATIVE 

PRE- 

OPERATIVE | 

| POST- 

OPERATIVE 

Appendectomy 

21 

13 

10 

30 

2S 


(8-20) 

(8-15) 

(20-41) 

(18-47) 

Cholecystectomy 

18 

15 

12 

35 

2S 


(8-2G) 

(8-24) 

(20-G3) 

(18-45) 

Neck dissection 

17 

15 

14 

39 

35 

and thyroidectomy 


(9-28) 

(9-29) 

(25-67) 

(27-41) 

Craniotomy 

15 

20 

15 

3G 

34 


(11-35) 

(13-20) 

(28-42) 

(22-45) 

Herniorrhaphy 

14 

15 

13 

31 

38 


(S-25) 

(7-23) 

(17-58) 

(1S-G5) 

Colostomy 

8 

25 

15 

3S 

34 


(8-92) 

(10-25) 

(2S-54) 

(23-G0) 

Kidney-ureter 

7 

17 

16 

30 

2S 


(11-32) 

(12-21) 

(15-45) 

(24-31) 

Exploratory 

7 

17 

15 

3S 

31 

laparotomy - 


(11-30) 

(10-14) 

(30-40) 

(27-35) 

Hemorrhoidectomy 

7 

13 

12 

30 

33 


(8-19) 

(8-17) 

(25-45) 

(23-47) 

Gastric resection 

6 

23 

1G 

4S 

30 



(13-30) 

(10-17) 

(30-S5) 

(23-42) 

Posterior rectectomy 

G 

15 

14 

37 

30 


(10-17) 

(8-19) 

(2G-52) 

(20-37) 

Radical mastectomy 

G 

12 

12 

31 

30 


(S-1G) 

(S-17) 

(20-49) 

(21-36) 

Miscellaneous t 

59 

16 

14 

41 

38 


(7-31) 

(S-31) 

(15-93) 

(21-80) 

Total 

191 

17 

(7-92) 

14 

(7-31) 

30 

(15-95) 

32 

(18-80) 

*Rnmre enclosed in 

parenthesis below average foi each group. 



-itunge cnuuocu ... * — , 

at nmhnr sympathectomy. transurethral resection, breast biopsy, suprapubic cyst os- 
tomjv rectal polypectomy, drainage ischiorectal abscc»s. cardiolysls. perineal pros- 


s, pc 

: . TtVoen teros tomy presacral neurectomy, drainage pancte.-itlc abscess Up 

tatectomj. eastroen utatl0n of penis, enterostomy, leg amputat on, closure per- 

forated"' ulcer? excNion mandible, axillary dissection, scrotal-crural ilxation. ligation 
external carotid, etc. 
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t 

PREOPERATIVE i 

POSTOPERATIVE 

1 

C CBITA-tr 

. ankle- I 


TEM- | 

CUBITAL- 

AXKLE- | 

| 1 

| TEM- 

A.SE 

TO- 

; TO- 

PULSE i 

PERA- 

TO- 

TO- j 

PULSE j 

| PERA- 


CAROTID 

[ CABOTID 

: 

TUBE 

CAROTID 

CAROTID | 


TURE 

. Appendectomy . . 

1 

13 


82 

99.0 

12 



82 

96.6 

2 

11 


100 

9S.0 

S 



106 

100.0 

3 

13 

29 

6S 

9S.6 

10 

29 

104 

104.4 

4 

12 

22 

100 

99.2 

15 

23 

96 

99.4 

5 

9 

28 

104 

9S.6 

9 

30 

S6 

100.0 

6 

12 


72 

97.2 

11 



SO 

99.2 

7 

12 

20 

92 



9 

20 

128 

98.S 

8 

20 

36 

60 



11 

40 

__ 



9 


30 

100 

99.0 



47 

SO 

9S.S 

10 

11 

25 

SO 

9S.0 

11 

18 

80 

100.0 

11 

20 

41 

96 

9S.0 

12 

30 

S2 

99.4 

12 

12 

37 


— * 

12 

35 

80 



13 

10 

22 

68 

97.8 

9 

19 

100 

99.8 

14 

S 

20 

SS 

99.3 

7 

22 

100 

100.6 

15 

15 

38 

76 



ii 

33 

S3 

— — 

16 

1G 

26 

SO 

9S.G 

s 

20 

102 

99.0 

17 

10 

41 

72 

98.4 

10 

34 

S4 

99.8 

IS 

13 

33 

74 

99.0 

10 

30 

76 

100.2 

19 

12 

2S 

68 

9S.6 

13 

20 

SO 

100.0 

20 

9 

3S 

S2 



10 



94 


21 

12 

27 

SO 

— 

S 



SO 

. 

Avg. 

13 

30 



10 

28 



2. Cholecystectomy, Choledochotomy 

, and Cholecyst-gastrostomy 




10 

3o 

84 

99.2 

10 

IS 

92 



18 



SS 

98.6 

14 

_ _ 

132 

101.S 


2G 

63 

72 

98.S 

24 

45 

64 

100.0 


12 

25 

SO 

9S.0 

10 

30 

96 

98.6 


10 

28 

S4 

9S.6 

12 

28 

S8 

99.0 


13 

25 

84 

9S.2 

16 

23 

92 

9S.8 


12 

20 

SO 

97.S 

S 

24 

112 

99.8 


IS 

40 

68 

98.6 

12 

20 

100 

101.0 


15 



60 

9S.6 

10 





10 

33 

112 

9S.4 

10 

22 

96 

100.4 


23 

32 

100 

9S.4 

12 

24 

104 

100.0 


23 



70 

97.4 

24 





14 

36 

7S 

99.4 

10 

33 

76 

100.0 


14 

40 

74 

98.8 

12 

25 

78 

99.8 


17 

35 

74 

97.8 

9 

31 

SS 

99.4 


11 

43 

76 

9S.0 

10 

38 

78 

100.2 


S 



82 

97.8 

9 


100 


IS 

15 

— 

— 

— 

11 

— 


— 


Avg. 15 35 12 28 


3. Thyroidectomy and Keck Dissection 


1 

28 

67 

72 

97.S 

23 

40 

60 

9S.4 

2 

11 



104 

99.0 

11 



3 

28 



7S 

9S.4 

29 




4 

17 

26 

S4 

9S.0 

15 

27 



5 

9 

25 

S4 

99.6 

14 

31 

92 

99.0 

6 

10 

27 

104 

97.4 

12 

27 

S4 

98.2 

7 

15 







15 



s 

12 




16 




9 

14 

36 



__ 

14 

42 



10 

17 






16 




11 

12 




9S.S 

10 


100 

99.S 

12 

10 

3S 

76 

99.0 

10 

39 

SS 

ion 9 

13 

14 

45 

7S 

99.4 

9 

40 

104 

ion e 

14 

13 

40 

90 



12 


110 


15 

13 

— 




11 

2S 

306 


16 

17 

14 

10 

45 

40 

76 

70 

9S.6 

07.S 

12 

10 

41 

33 

So 

7$ 

99.S 

100.0 
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1 

I 

PREOPERATIVE 


/ 

POSTOPERATIVE 


CASE 

CUBITAL- 

ANKLE- 


I TEM- 

(cubital- 

) ANKLE- ) 


j TEX- 

TO- 

1 CAROTID I 

TO- 

[ CAROTID | 

PULSE ^ 

PEPvA- 1 

ture I 

TO- 

OAROTID 1 

I TO* 
CAROTID 1 

PULSE ! 

1 P£KA- 
TURE 

4. Craniotomy (including ventriculograms, explorations, and trigeminal rhizotomies') 

1 

35 



86 

99.0 

20 


104 


O 

21 

42 

SC 

9S.6 

15 

45 

72 


3 

21 

28 

8S 

97.4 

15 

32 

84 

99.8 

4 

24 

— 

SO 

97.4 

13 

— 

80 

9S.8 

5 

15 

2S 

92 

9S.0 

14 

23 

94 

30D.S 

6 

2S 

35 

72 

9S.6 

20 

31 




7 

20 





__ 

15 


80 

99.6 

8 

11 

29 

80 

98.6 

14 

22 

100 

101.2 

9 

29 

42 

6S 

97.8 

14 

42 

SO 

300.6 

10 

14 

— — 

64 

9S.0 

15 



76 

98.6 

11 

22 



64 

98.0 

17 



92 

101.0 

12 

16 



136 

. 99.2 

13 



100 

100.S 

13 

14 

39 

82 



14 

39 

76 

__ 

14 

16 

38 

7S 

99.0 

18 

40 

80 

100.4 

15 

11 

. 




10 



__ 




Avg. 

20 

36 



15 

34 



5. Herniorrhaphy (inguinal and ventral) 

1 

IS 

42 

78 

9S.6 

14 

40 

76 



2 

15 


SS 

99.0 

12 



118 

100.0 

3 

12 

IS 

100 



12 

36 





4 

9 


72 

9S.0 

7 

, 

S2 

99.6 

5 

17 

28 

68 

98.6 

10 

53 

SS 

100.6 

6 

25 

55 

74 

9S.4 

23 

54 

60 

9S.6 

7 

S 

17 

132 

9S.S 

30 

18 

3 31 

100.4 

S 

14 

33 

76 

9S.0 

33 

39 

SO 

99.2 

9 

14 

35 

6S 

98.6 

10 

35 

SS 

98.6 

10 

22 

31 

52 

97.0 

19 

65 

76 

100.0 

11 

13 


76 

98.0 

15 





— 

12 

IS 


76 

99.2 

16 





— 

13 

13 

22 

84 

9S.0 

11 

23 

SO 

100.4 

14 

13 





— 

10 

— 

-- 

— 

Avg. 

15 

31 



13 

38 



6. Colostomy 

1 

92 

39 

6S 

98.6 

25 

33 

SO 

99.4 

2 

17 

40 

SO 

9S.4 

17 

37 

74 

99.0 

»> 

O 

IS 

27 

92 



15 

25 

— 

— 

4 

17 

47 

S4 

97.4 

15 

37 


— 

5 

15 

32 

72 

100.2 

13 

23 

— 

— 

6 

24 

54 

76 

96.4 

12 

60 

76 

99.4 

7 

11 

2S 




10 

24 

— 

— 

8 

8 







10 

— 

-- 

— 

Avg. 

25 

38 



15 

34 




7. Kidney and Ureter (including pelviolitliotomy, ureterolithotomy, nephrostomy, and 
ureteropelvioplasty) 


1 32 

2 IS 

8 15 

4 11 

5 16 

6 12 

7 12 

45 

37 

30 

36 

15 

35 

34 

SO 

80 

84 

100 

100 

80 

SO 

95.4 
9S.6 

99.0 

98.0 
98.2 

99.4 

20 

21 

15 

17 

13 

12 

12 

30 

27 

24 

24 

31 

25 

35 

80 

320 

320 

312 

86 

84 

100.2 

98.6 

302.0 

98.2 

100.8 

Avg. 17 

30 



16 

28 



s Exploratory Laparotomy 

15 

O 13 

3 17 

4 15 

5 30 

6 35 

7 12 

Avg. 17 _ 

30 

36 

40 

35 

40 

40 

37 

3S 

96 

72 

72 

96 

76 

97.2 
97.4 

98.2 
9S.C 

13 

13 

12 

8 

19 

10 

10 

15 

2S 

34 

27 

O o 
*»•> 

30 
■PI 

35 

31 

108 

324 

72 

98.8 

99.8 
99.0 
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and postoperatively. The first determination in each individual was 
made about twenty hours before operation, the second determination 
about twenty hours after operation. Of the eases listed (Table 1, A), 132 
could be classified in groups according to operative procedure ; 59 were 
miscellaneous procedures. The type of anesthetic employed varied, and 
many of the operations were not laparotomies. “Nervous” patients, 
those with varices of the lower extremities, and children were not in- 
vestigated. Every determination was made with the trunk horizontal 
and the extremities in the plane of the trunk, the veins into which the 
injections were made being approximately at heart level, and the 
patient instructed against muscular movement. It was frequently neces- 
sary to elevate the injected extremity by a pillow in order to bring the 
vein used to the level of the anterior axillary fold. 

Because the organism seems to respond better to a second stimulus 
by sodium cyanide than to a first, the response to injection was first 
determined from one of the cubital veins, and following a five-minute 
interval (the time required for the destruction and elimination of the 
salt), an injection into one of the ankle veins was made. The cubital- 
to-carotid time or ankle-to-carotid time is the time recorded by an 
observer with a stop watch between the intravenous injection and the 
first deep inspiration to follow. This includes the time required for 
the stimulant to travel from the intravenous needle point to and through 
the heart and pulmonary circulation to the carotid body. Although 
Loevenhart, Lorenz, Martin, and Malone 18 used injections of 3 to 5 mg. 
of sodium cyanide, we used ~/io to % 0 of a c.e. of a 2 per cent solution 
(4 to 10 mg.) for the arm vein and %o to 1 c.c. (10 to 20 mg.) for the 
ankle vein, the amount varying principally with the patient’s apparent 
weight. In no case was the patient informed of the response expected, 
this rule being adhered to in order to avoid any subjective influence. 
Occasionally, the response is associated with symptoms suggestive of 
motor irritation, lasting less than a minute-, in some eases a slight 
temporary nausea was noted, but in none was there any alarming 
sequela. Care was taken to allow none of the solution to be injected 
extravascularly, since such an accident may he followed by a local 
necrosis. 
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EFFECT OF POSITION ON CIRCULATION RATE 

In order to study the effect of position of an extremity on the 
circulation rate of sodium cyanide injected into one of its veins, twenty- 
six cases were selected. In ten of these (Table II, A), the antecubital- 
to-earotid time was determined in the dorsal decubitus until the arm: 
(1) in the plane of the trunk, (2) elevated perpendicular to the trunk, 
and (3) dependent perpendicular to the trunk. When injections were 
made into elevated extremities, the needle was inserted into the vein 
with the extremity horizontal, the extremity then being elevated for 
one or two minutes with the needle and syringe in place, following 
which the injection was made. 

In four individuals, similar determinations were made on the lower 
extremities (Table II, B). 

Table II 


Effect of Position on Circulation Time (Sodium Cyanide Method)* 


A. Cubital Yein-to-Carotid Body Times JVith Upper Extremity Positioned 
(Patient Horizontal) 


CASE 

ARM horizontal arm elevated 

ARM DEPENDENT 

1 

12 

12 

15 

2 

IS 

14 

20 

3 

17 

17 

27 

4 

17 

IS 

22 

5 

15 

17 

15 ' 

6 

12 

11 

16 

7 

11 

13 

16 

S 

10 

10 

14 

9 

14 

15 

20 

Avg. 

14 

14 

IS 

B. 

Ankle Yein-to-Carotid Body Tunes With Lower Extremity Positioned 
(Patient Horizontal) 

CASE 

EXTREMITY horizontal EXTREMITY' elevated 

EXTREMITY DEPENDENT 

i 

00 

21 

70 

2 

45 

17 

30 

3 

29 

23 

60 

4 

4S 

20 

— 


C. Ankle Yein-to-Carotid Body Times in Trendelenburg (Head Down, 30°) and 
Reverse Trendelenburg (Feet Down, 30°) Positions __ 


REVERSE 

CASE HORIZONTAL TRENDELENBURG TRENDELENBURG 


1 

O 

tu 

o 

O 

4 

5 

6 

26 

35 

35 

43 

over 2 minutes 

28 

25 

20 

25 

IS 

22 

27 

31 

42 

00 

150 

no response 
no response 

D. 

Ankle Yein-to-Carotid and Cubital Yein-to-Carotid Body limes xn Fowler’s 

Position 



CUBITAL-TO- 

anele-to-carotid 

ANKLE-TO-CAROTID 


CAROTID 

(dorsal decuditus) 

(fowler’s) 


15 

25 

710 response 


13 

2S 

no response 


15 

19 

no response 


17 

20 

no response 


13 

31 

no response 


12 

20 

no Tcspon^o 


♦Times in second- 
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In six cases a comparison was made between ankle vein-to-carotid 
times in the horizontal, Trendelenburg, 30° (head down, legs up), 
and reverse Trendelenburg, 30° (head up, legs down), positions. 

In another group of six cases the ankle vein-to-carotid body time was 
determined with the patient in dorsal decubitus and in Fowler’s position. 

In two individuals, the effect of active movement of the foot and 
toes on the ankle vein-to-carotid body time in the dorsal decubitus posi- 
tion was determined. 

RESULTS 

From an inspection of Table I, it can be seen that, generally, one may 
expect to find a slightly shorter circulation time following such opera- 
tions as are listed during the immediate postoperative period, especially 
following laparotomies. In the 191 eases listed, the average preopera- 
tive cubital-to-carotid and ankle-to-earotid times were seventeen and 
thirty-six seconds, respectively. In every individual, the cubital-to- 
carotid time was shorter than the ankle-to-carotid time. It should be 
noted that the circulation time varies between widely separated extremes 
in different patients. To obtain an idea of the individual case variations 
in circulation rate and the relation of these rates to the pulse and 
temperature at the time of determination, these data are included in 
Table I, B, which constitutes the largest ease groups. 

In the dorsal decubitus position, the antecubital-to-carotid time noth 
the arm in the plane of the trunk averaged fourteen seconds ; with the 
arm elevated perpendicular to the trunk, foui’teen seconds; and with 
the arm dependent perpendicular to the trunk eighteen seconds (Table 
II, A). 

In the dorsal decubitus position, the ankle-to-carotid time with the 
lower extremity at body level was sixty seconds, with the extremity de- 
pendent seventy seconds, and with the extremity elevated twenty-one sec- 
onds. In another individual, the horizontal time was forty-five seconds, 
but in the dependent position was reduced to thirty seconds; however, 
when elevated, the time was seventeen seconds. The values in the third 
and fourth cases are what might be predicted (Table II, B). 

With the extremities in the plane of the trunk, the ankle vein-to- 
carotid time in six individuals was found to be, typically, thirty-five 
seconds with the trunk horizontal, twenty seconds in the Trendelen- 
burg position, and forty-two seconds in the reverse Trendelenburg posi- 
tion (Table II, C). 

In only one of six patients placed in Fowler’s position could a re- 
sponse-to-ankle vein injection be elicited; in fact, in two cases, peri- 
vascular necrosis occurred at the point of injection, the venous pres- 
sure being so high in that position as to force the solution out the vein 
through the needle puncture. In each case, however, a response was 
noted when the patient was brought from Fowler’s to the horizontal 
position (Table II, D). 
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In the dorsal decubitus position, active movement of the foot and 
toes in one individual decreased the ankle vein-to-earotid body time 
from thirty-two seconds in the resting state to thirty seconds in the 
active ; in another individual the time was decreased from forty-five sec- 
onds in the resting state to twenty-one seconds in the active state. 

DISCUSSION 

The slight decrease in circulation time following operation may he 
due to the effect of the increased temperature and respiration on the 
pulse rate, a possibility entirely in accord with the observation that 
in none of the tabulated eases was there a great deal of postoperative 
abdominal distention. 

The direct explanation of the slightly greater velocity of blood flow 
postoperatively is to be found in the cardiovascular system. Koch 14 
has stated that the blood velocity is affected by the time of day, season, 
climate, heart force, stroke output, viscosity of the blood, pulse fre- 
quency, absorption of food, menses, pregnancy, age, and respiration. 
The most obvious explanation for the faster blood flow postoperatively 
is the elevation of body temperature with its corresponding increase in 
heart rate, Berns 2 having shown experimentally that artificial fever 
accelerates the blood flow in dogs. A fast blood circulation in fever was 
also observed by Wollheim and Lange 31 and Lian and Facquet . 17 

For a similar reason, blood flow is accelerated in thyrotoxicosis, and 
conversely, retarded in myxedema (Blumgart, Gargill, and Gilligan 3 ’ 4 ). 
Hering had insisted that cardiac rate did not influence circulation rate, 
and Steinhaus , 20 observing a slower pulse in the dog after vagotomy, 
concluded that circulation time was prolonged by increased heart rate. 
Tarr, Oppenheimer, and Sager 27 and Tigerstedt 29 have affirmed that 
circulation time has little or no relationship to heart rate or arterial 
blood pressure, but Vierordt showed that there was a positive correlation 
between pulse rate and circulation rate, a finding substantiated by 
Blumgart and Weiss 5 using radium C, who found, however, that a con- 
siderable increase in heart rate only increased the blood flow slightly. 

Apparently, dependency of the upper extremity retards the return 
of its blood to the heart, although, conversely, a faster return in the 
elevated position could not be demonstrated. This is probably due to 
the fact that the emptied veins lack a sufficient medium in which the 
stimulant can be transported. The possibility that the Fowler’s posi- 
tion tends toward venous stasis in the lover extremities should be seri- 
ously considered, especially in those conditions where thrombophlebitis 
is often an unhappy accompaniment. Frimann-DahP showed in four 
patients that raising the extremity increased the rate of venous flow. lie, 
therefore, urged postoperative elevation of the lower extremities or the 
foot of the bed and frequent active movement of the legs. 

Piorry 21 in his classical paper on posture and blood flow first called 
attention to the impediment to circulation in the standing still posi- 
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tion, proposing that syncope was duo to encephalic anemia resulting 
from stasis below the heart. He further stated that arterial, venous, 
and capillary circulation were all dependent on position, and that it 
was gravity that caused veins to distend when the arm was dependent. 
Incidentally, it was he who called attention to the effect of gravity on 
the production of hypostatic pneumonia. 

Since the brilliant researches of Piorry, confirming observations have 
appeared in large numbers. Among these are the investigations of 
Bock, Dill, and Edwards 6 and Thompson, Alper, and Thompson 28 who 
showed that the circulation rate is much longer (1.5 to 4.5 times) in the 
standing than in the recumbent position. Lawrence, Ilurxthal, and 
Bock 15 observed a downward gradient of blood flow on going from the 
recumbent to the sitting to the standing positions. Specifically, in an 
athlete who had won eight of eighteen Marathon races, there was a re- 
duction of 25 per cent in blood flow on going from the recumbent to 
the sitting position, and a reduction of 40 per cent in the standing 
position, the flow in the recumbent position being taken as the stand- 
ard. By a diffei’ent method, Rosen and 'White 23 came to the same gen- 
eral conclusions. 

The effect of position on venous pressure is well known, von Reck- 
linghausen 22 having observed a venous pressure in the foot equivalent 
to the hydrostatic difference between the foot and the heart. He con- 
cluded that the force of the heartbeat alone Avas insufficient to raise the 
venous blood from the feet to the heart in the vertical position. His 
original observations have been confirmed many times, Schott 24 having 
shown that the venous pressui’e in the foot is increased as the difference 
in the hydrostatic leA r el between the foot and right atrium is increased. 
Hill and Barnard 11 have calculated that in a man six feet high the 
hydrostatic pressure of a column of blood from the vertex to the sole is 
about 140 mm. Hg, and from the vertex to the middle of the abdomen 
about 50 mm. Hg. It is, therefore, understandable why the Fonder ’s 
position retards the venous return from the loAver extremities and pehds. 

Mogk 20 measuring directly the brachial venous pressure in dogs, 
found a 400 per cent increase after exercise. Burton-Opitz 8 found that 
in dogs venous flow from a limb was increased during muscular con- 
traction and that the pressure also rose. Braune 7 described the mecha- 
nism by Avhich the venous stream to the right heart from the loAA r er ex- 
tremities is accelerated by muscular movement, and later Kaufmann 13 
demonstrated in the horse that muscular activity (mastication) causes 
blood to spurt from an open Auin (of the masseter muscle). In the 
human being, Meinertz 19 found that the A-enous pressure in the hand 
turning a centrifuge Avas 1 to 8 cm. of water higher than in the inactive 
hand. SeAvell 25 found that the venous pressure in the hand rose 3.4 to 
5.3 mm. Hg on alternately clenching the fist, observations which have 
been confirmed by those of Hooker. 12 
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SUMMARY 

1. Usually, the cubital vein-to-earotid body time and ankle vein-to- 
carotid body time, as determined by the sodium cyanide method, is 
shoitened after major surgery. In one-hundred and ninety-one cases, 
the average preoperative cubital vein-to-carotid body and ankle vein- 
to-earotid body times were seventeen and thirty-six seconds, respec- 
tively; postoperatively, the times were fourteen and thirty-two seconds, 
respectively. 

2. Circulation rates vary widely in patients with apparently normal 
circulatory systems. 

3. Acceleration of blood flow postoperatively is probably related to 
the increased metabolic demands of the organism, which are manifest by 
increased temperature, pulse rate, and respiration. 

4. Gravity retards the flow of blood from the upper and lower ex- 
tremities, either when the position of the extremity itself is changed or 
when the longitudinal axis of the entire body is altered. 

5. Fowler’s position delays the return of blood from the lower ex- 
tremities. 

6. Ankle vein-to-carotid body circulation rate is shortened hy active 
motion of the foot or toes and by elevation of the extremity. 
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SUMMARY 

1. Usually, the cubital vein-to-carotid body time and ankle vein-to- 
carotid body time, as determined by the sodium cyanide method, is 
shortened after major surgery. In one-lnuidred and ninety-one cases, 
the average preoperative cubital vein-to-carotid body and ankle vein- 
to-carotid body times were seventeen and thirty-six seconds, respec- 
tively ; postoperatively, the times were fourteen and thirty-two seconds, 
respectively. 

2. Circulation rates vary widely in patients with apparently normal 
circulatory systems. 

3. Acceleration of blood flow postoperatively is probabl y related to 
the increased metabolic demands of the organism, which are manifest by 
increased temperature, pulse rate, and respiration. 

4. Gravity retards the flow of blood from the upper and lower ex- 
tremities, either when the position of the extremity itself is changed or 
when the longitudinal axis of the entire body is altered. 

5. Fowler’s position delays the return of blood from the lower ex- 
tremities. 

6. Ankle vein-to-earotid bod.y circulation rate is shortened by active 
motion of the foot or toes and by elevation of the extremity. 
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Asepsis . — It seems unnecessary in our present stage of enlightenment 
to more than mention the need of strict asepsis, yet infractions of the 
rules still occur. Failure to mask both month and nose of everyone in 
the room and handling of the transfixions without a recently boiled hemo- 
stat may result in septic grief. Skin incisions for insertion of trans- 
fixions, use of medicated dressings, or redressing of pin wounds null only 
propagate further sequelae. 

Late pin-wound infections are often produced by senile, youthful, or 
uncooperative patients who insist upon scratching the wound with 



Fig. 1. — A, Improper placement o£ transfixions is the most prolific source of seque- 
lae. For instance, piercing the crest of the tibia is physiologically and mechanically 
unsound. The hone is so dense that the friction of drilling generates enough heat to 
cause a local thermal coagulation with subsequent ring necrosis. Focusing all the 
skeletal traction force on a smalt avascular area frequently results in a pressure 
“sore.” Drilling in such hard hone causes the pin to wobble with a resulting loose 
fit of pin in hone. Coupled with narrowness of the hone at this level, this makes for 
instability. 

S, In this case the lazy way is the correct way. Insertion of the pin through the 
wide, cancellous bone, near but not into the joint, is easily done and supplies excellent 

control a-’ * *' Traction pressure is distributed equally to many little 

partitions multiplicity of honeycombed cells minimizes subsequent 

sidewise ■ 1 . icularity assures immunity and early repair. 




of 


Fi A'- Skeletal transfixation of the os calcis supplies traction hut control 

the distal tibial fragment is lost through mobility of the two intervening joints °* 

n , Fnxlo . n ? f the fragment itself serves a triple purpose: (11 direct traction 
<“) Positive control and (3) absolute fixation. Whenever it is mccssin tn tranlav 

vlded°!t ?s kep t S taut. P ° rti ° n ° f lh6 IemOT - a »■ « 



SEQUELAE OP TRANSFIXATION OP BONE 

Roger Anderson, M.D., Seattle, Wash., and 
B. L. Finlayson, M.D., Price, Utah 

A CRITICAL search for the cause of undesirable sequelae of bone 
transfixation in fracture therapy leads one to conclude that they 
arise not from the use but from the misuse of transfixions. Further 
analysis reveals the misuse is usually due to fear, unpreparedness, or 
haste, with resultant failure to observe the following dictums of hone 
transfixation. 

1. Proper placement of the transfixions 

2. Fixation of the transfixions to their respective fragments 

3. Control of forces available through transfixation 

The most prolific source of complication is the improper placement 
of transfixions. Pear of violating a joint has erroneously led the ‘ ‘ au- 
thorities” to advocate transfixing the shaft of bones. Such piercing of 
the shaft, still insisted upon by even the most recent textbooks, is fraught 
with danger. Not only are the shafts narrow but the cortical bone is 
so dense that it contains the minimum blood supply. When all the 
traction and countertraction pressure exerted by a pin is focused upon 
such a relatively small area of poorly vascularized bone, a pressure 
necrosis may result, much in the same manner that a sustained pressure 
on the big toe of a patient with Buerger’s disease will precipitate a 
local gangrene. Why penetrate the shaft when the wide, richly vascular, 
honeycombed diaphysis can be more safety and quickly transfixed. 

Placement of the transfixion in a hone beyond the distal fragment, 
such as the os calcis for tibial shaft fractures or through the crest of 
the tibia for femoral shaft fractures, is not infrequently productive of 
complications. Such placement in an adjacent bone, while it may 
supply sufficient traction, cannot prevent loss of reduction or move- 
ment between fragments, with the possibility of delayed union. How- 
ever, when the transfixions are placed directly through the fragments, 
they supply not only traction and eountcrtraction hut positive fixation. 

Insertion . — Surprising as it may seem, the actual process of fast drill- 
ing of a large pin through dense bone such as the shaft of the tibia 
will generate so much heat at the pin point that an actual local cauteriza- 
tion occurs. Such coagulation and burning of the haversian canals 
cause an aseptic thermal necrosis. Results of this lethal heating will be 
expressed, one or more months later, in the form of a doughnut-likc 
or ring sequestrum. 

While thermal necrosis usually results from improper placement or 
use of dull pin points, it may result from inserting pins or half-pins at 
excessive speeds with a hand drill or electric motor. 

Revived for publication, AiW 10. I 51 -' 
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in movement between fragment and transfixion, with their share of 
sequelae, are noted below. 

1. Failure to angularly insert two transfixions into each fragment, 
or to fix firmly the single transfixion or parallel transfixions into the 
fragment by some positive means, such as a snug-fitting cast. 




Fig i — A, Sterilitj of transfixions should be assiduously preserved The ordinary 
lifting forceps and bottle should be ostracized because it Is invariabis polluted after 
it is used a few times. 

B, Covering of the nose as well as the mouth of everyone in the room is impera- 
tive Placing of corks o\er both ends of the transfixion keeps the pin points sharp 
and preients their falling through holes in the tiav Pins should not be touched with 
the gloved hand but only with a recentlj boiled hemostat 




of complications^* 1 * 0 Umil side mollon between transfixion and bone is productne 
B, A firm binding of the transfixion to the fragment is essential for success In- 
reducttom'elhnliiates i !nfe° tio^fron^sWew ise^s'lippmg 1 ' 

fixlonsHrto PCrmitS - U bcftW »“ly ~ 
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finger or stick. With this type of patient it is well to cover transfixion 
areas with large dressings or with a segment of plaster cast. 

Immobilization of Transfixions . — Regardless of the location and care 
with which a wire or pin is inserted, it is evident that subsequent move- 
ment of the bone upon the transfixion can but result in a frictional 
irritation with discharge and pain. Breaks in the technique that result 



T‘'tg. 3. — A, Why place a pin through bone that is so dense it is necessary to use 
a hammer? Such an act often further fractures the shaft and explodes the exit hole. 
A pin so placed is both painful and so loose that accurate reduction cannot be main- 
tained. 

B, The placement of pins through dense cortex, use of thick pins with dull 
points, or excessive haste will cause a thermal necrosis of surrounding bone with a 
late ring sequestrum. 

C, Insertion of pins with special sharpened points at proper locations, and at a slow 
speed with hand drill or electric motor, avoids most, if not all, cases of aseptic ther- 
mal necrosis which have been erroneously termed infection. 



„„„ nbwmcnt of the pin through the crest of the tibia resulted in 
Fig. 30. — Improper pl ia c?™ ! eradication of tills sequel required more time, expense, 
i-nien! ring sequestrum fwi rturp. 


fracture.* 
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Fig. 7 A, — If half-pins do not penetrate beyond the opposite cortex, movement with 
pain and loss of apposition will occur. 



Fig. 7B.— Half-pins may penetrate safely the opposite cortex of am- shaft fracture 
as every fragment has a practical and safe portal of entry. 
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2. Employment of a lax wire through use of an inadequate horseshoe 
or reliance upon the sides of the east to keep the flexible transfixion taut, 

3. Improper placement of a transfixion through an adjacent hone 
rather than through the fragment itself. 

4. Insistence on hammering the transfixion through the hone, in which 
event an enlarged opening is often “exploded” in, the opposite cortex. 

5. Needless fear of injuring deeper structures leads to the selection 
of too small a half-pin unit or to incomplete penetration of the opposite 
cortex with the half-pin. 

6. Failure to employ an adequate number of transfixions is the error 
productive of most complications. 



A. B. 


Fig. 6.— A, It is impracticable to control tile deformity in a supracondylar fracture 
by single transfixion as the fragment is free to pivot on a single pin. 

B, Double transfixions supply means of “freezing" this fragment in one position 
throughout convalescence. Paradoxical as it may seem it is much Safer to employ 
several than a single transfixion. 


Paradoxical as it may seem, it is safer to use several rather than a 
single transfixion. The fragment encased in a cast can pivot or teeter- 
totter on a single transfixion, and as atrophy occurs and the swelling 
recedes the bone may slide sidewise in the cast ; whereas, if two or move 
pins, wires, or half-pins arc placed at an angle to each other, movement 
of the fragment on the transfixions is impossible. 

It is an absolute necessity for lialf-pin transfixions to go through both 
cortices if subsequent movement is to be avoided ; yet in the use of our 
half-pin unit a not infrequent cause of undesirable sequelae is failure 1o 
drill through the opposite cortex. Penetration of a single cortex not 
only fails to fasten the pins securely into the bone but subsequent move- 
ment of the bone on the pin will often cause pain, discharge, and loss 


of reduction. 

Control of ffi f Forces Arnilubtc Through Tnnt.sfi.ru(mt . — For earliest 
possible union it is necessary for flic fragments to be immobilizer] in 
direct contact during the entire healing process. Throughout the con- 
valescence period absorption occurs at the ends of the fracture frag- 
* This is especially evident in transverse fractures m the distal 
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Fig. 7A. — It halt-pins do not penetrate beyond the opposite cortex, movement with 
pain and loss ot apposition will occur. 



Fig. 7B, Half-pins may penetrate safely the opposite cortex of anv shaft fracture 
as every fragment has a practical and safe portal of entry. 
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2. Employment of a lax wire through use of an inadequate horseshoe 
or reliance upon the sides of the east to keep the flexible transfixion taut. 

3. Improper placement of a transfixion through an adjacent hone 
rather than through the fragment itself. 

4. Insistence on hammering the transfixion through the hone, in which 
event an enlarged opening is often “exploded” in the opposite cortex. 

5. Needless fear of injuring deeper structures leads to the selection 
of too small a half-pin unit or to incomplete penetration of the opposite 
cortex with the half-pin. 

6. Failure to employ an adequate number of transfixions is the error 
productive of most complications. 



Fig. G. — A, It is impracticable to control the deformity in a supracondylar fracture 
by single transfixion as the fragment is free to pivot on a single pin. 

B, Double transfixions supply means of “freezing” this fragment in one position 
throughout convalescence. Paradoxical as It may seem it is much safer to employ 
several than a single transfixion. 


Paradoxical as it may seem, it is safer to use several rather than a 
single transfixion. The fragment encased in a cast can pivot or teeter- 
totter on a single transfixion, and as atrophy occurs and the swelling 
recedes the bone may slide sidewise in the cast ; whereas, if two or more 
pins, wires, or half-pins are placed at an angle to each other, movement 
of the fragment on the transfixions is impossible. 

It is an absolute necessity for half-pin transfixions to go through both 
cortices if subsequent movement is to be avoided ; yet in the use of our 
half-pin unit a not infrequent cause of undesirable sequelae is failure to 
drill through the opposite cortex. Penetration of a single cortex not 
only fails to fasten the pins securely into the hone but subsequent move- 
ment of the hone on the pin will often cause pain, discharge, and loss 
of reduction. 

Control of the Forces Available TJirour/h Transfixed inn. — For earliest 
possible union it is necessary for the fragments to he immobilized in 
direct contact during the entire healing process. Throughout the con- 
valescence period absorption occurs at the ends of the fracture frag- 
ments mjds is especially evident in transverse fractures in Die distal 
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Fjg. 9 A . — The quickest method e\er devised of obtaining union is by “contaction" 
procured through double transfixation of each fragment In this print the films have 
been spliced togethei to show two transfixions in the upper fragment and two Kirsch- 
ner wires m central fragment There was room for only one pm m the distal frag- 
ment. The angle m which the x-ray was taken makes it appear that the pin was 
m the ankle joint. 



Fig. OB —Final result, four months later. 


one-thii’d of the tibia. This bony absorption, which we attribute to 
trauma of the osseous-vascular system, is not visible for several weeks 
or months. Therefore, transfixions which at first hold the fragments 
in perfect apposition may be, in transverse fractures, the same means 
that will hold the fragments apart after absorption has taken place. 



A. B. 

Fig- S.—A, The surest way of obtaining nonunion is to immobilize the ft figments 
in distraction. 

B, X-ray of the same patient eighteen months later when lie flist came under our 
care. In spite of a sliding bone graft, nonunion has persisted, partially accounted for 
by the distraction of a united fibula. 

Before the days of modern fracture treatment, inalunion was a com- 
mon complication; but the thoughtless and enthusiastic employment of 
skeletal distraction has now reversed the trend and placed that greater 
catastrophy, nonunion, in the ascendency, well explained on the basis 
of overextension. However, when these same transfixions are used in 
the reverse manner (i.e., for “contact ion”) then and only then can 
unions be obtained in the shortest possible time. 

Failure to keep a patient ambulatory, now feasible with our newer 
knowledge of transfixation, provokes a long train of undesirable sequelae 
such as stiff joints, muscle and bone atrophy, circulatory atresia, edema, 


RESECTION OF FEMORAL NECK WITH PELVIC SUPPORT 
OSTEOTOMY FOR ANKYLOSIS OF THE HIP 


Henry Milch, ML)., New York, N. Y. 


T HE therapy of ankylosing affections of the liip has swayed between a 
natural desire to achieve painless stability and a laudable wish to 
preserve or restore painless mobility. The result is that the orthopedic 
surgeon has employed his utmost energies in perfecting methods for 
insuring firm fusion of the hip joint and then equally determinedly 
devised the most ingenious techniques for undoing the ankylosis which 
may present itself. This apparent inconsistency is readily comprehensi- 
ble and would be completely justifiable were there any assurance of 
success, either in the arthrodesing or in the arthrolysing procedures. 
Such is not the ease and it is this inadequacy which may possibly 
condone the following presentation. 

Essentially, the method here suggested is a combination of two 
separate surgical procedures. The first, designed to preserve stability 
by making a new point of pelvic support other than the femoral head, 
is accomplished by means of the Lorenz bifurcation osteotomy. The 
second, directed toward the re-establishment of mobility, is accom- 
plished by a modification of the pseudo-ai-throsis principle recommended 
by Jones. As a matter of fact, the operative approach was a natural 
development of the treatment of the fractured neck of the femur. 
It is of considerable interest to recall that the bifurcation operation 
suggested by Lorenz was originally the result of his observations of a 
war-incurred fracture of the upper end of the femur. Subsequentlv, 
the bifui’cation was successfully employed routinely in the treatment 
of nonunited fractures of the femora. It was as a consequence of the 
satisfactory results in the care of this condition that Dr. H. Finkelstein 
suggested the conversion of the ankvlosed hip into a pseudo-arthrosis, 
which could then be stabilized by means of the pelvic support osteotomv. 

The first of these operations was pei'formed in 1934. Since that time 
some seven or eight other hips have been similarly treated. The results 
have not been uniformly good. But in certain types of eases where the 
need for mobilization of the ankvlosed hip has been urgent, and where 
the advisability of a formal arthroplasty was questionable, the opera- 
tion has proved of value. This is illustrated in the case here reported. 


C. K., aged 10 years, first came to tlm Hospital for Joint Diseases March EC’S 
with the complaint of pain and swelling in the left knee joint. These symptoms’ 
appeared following an injury some two months before. The mother stated that at 
the age of twenty-six months the child had been treated at the Ruptured and Crippled 
Hospital for a left hip bmp. of nine months ’ duration. An abscess of the left 
Received for publication. April 23 , 1942 . 
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and general metabolic and psychic changes. In order that these be 
* e . uced to a minimum, it is highly desirable that ambulation and active 
joint movement be insisted upon. Improved vascular and lymphatic 
circulation, through function and muscular contraction, decreases the 
swelling, and ambulation prevents marked muscle and bone atrophy 
and joint stiffness. With an increased active blood and lymph flow it 
is axiomatic that more callus and union in less time is not only possible 
but probable. 



Fig. 10. — A. I., agecl 2S years, with fractured shaft of the femur. The psjchologic, 
Physiologic, and economic benefits of early ambulation with free joint movement are 
numerous. 

Prophylaxis. — Complications, as a class, are avoidable and may be 
limited to a minimum approaching zero when the following technique 
is carefully employed. Insert transfixions, whenever possible, through 
the wide cancellous portion of the bone. Place two pins, two wires, or 
two half -pins at an angle to each other into each fragment. Use the 
transfixions for traction only in reduction; then reverse the procedure 
and use the transfixions, for a “eontaction” means to keep the ends of 
the fragments in direct and immobilized contact throughout the whole 
period of repair. Employment of the above clinically tested principles, 
and insistence on ambulation with active muscular and joint move- 
ments, will be rewarded by an earlier bony union than can be attained 
by any other method. 

RESTOlfi 

Sequelae arc usually due not to use but to misuse of transfixation. 
The common errors causing the majority of complications, arising from 
fear unpreparedness, or lmste, may be classified under (1) improper 
placement; (2) movement between fragment and transfixion; (3) use 
of transfixions for skeletal traction instead of eontaction; and (4) fail- 
ure to use transfixions so that the benefits of ambulation can he realized. 
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success. The indication for surgical fusion of the knee joint appeared to be 
urgent. On the other hand, the already existing fusion of the hip joint seemed to 
present an equally formal contraindication to a second fusion in the same limb. 
The only solution to the dilemma lay in a release of the hip before proceeding 
with ankylosis of the knee. 



£ 


Fig. l. — Roentgenogram (C. K.) showing that the joint space has been obliterated, 
but the remnants of the head are still to be seen. In the region of the epiphyseal 
lme, there is a zone of radiotranslucency. 

At that time the bifurcation resection operation was being developed and it was 
determined to employ this in preference to a more standard type of arthroplasty. 
This was a purely fortuitous, but entirely fortunate decision, as the event proved. 
On Nov. 12, 1937, the liip joint was approached through an anterior Smith-Petersen 
incision. The anlcvlosis uas released by an osteotomy performed on the neck, close 
to and parallel with the pelvic wall. No effort was made to gouge the head out of 
the acetabulum. This released the femur, but to prevent the possibility of re- 
ankvlosis, the whole of the neck down to its base uas excised in a single piece. No 
tissue was interposed and the wound uas closed in layers. The knee was im- 
mobilized in plaster. 

As a matter of routine, the specimen uas submitted to histologic examination. 
Microscopic section disclosed “the spongy trabeculae to be atrophic and the cortex 
thin. Almost at the center of the section is a caseous, partly calcified mass. It is 
surrounded by a collar of epithelioid cells and collagenous connective cells. About 
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thigh was incised and drained. Traction was applied and subsequently the thigh 
was immobilized in a plaster of Paris spica. No definite bacteriologic diagnosis 
was established, though tuberculosis was undoubtedly suspected, since the immobil- 
ization was continued for a period of four years. Upon removal of the plaster, the 
symptoms had disappeared, but the child was left with a marked limp, due to 
ankylosis of the hip in adduction and flexion. 

On admission to the hospital, the left liip was fixed in 10 degrees of adduction 
and about 30 degrees of flexion. There was no active motion, but the suspicion 
of a very slight amount of external rotation on passive motion presented. The 
roentgenogram was reported as showing a destructive arthritis of the hip joint, 
with’ bony ankylosis. The knee joint was palpably the site of a marked effusion. 
Extension of the leg was limited. Roentgenogram of the knee joint showed no 
bony changes. The 'Wassermann test was negative, but the intradermal tuberculin 
test was positive in all dilutions. Fluid aspirated from the knee was sterile on 
ordinary culture. (Guinea pig innoculation v'as subsequently reported to be nega- 
tive.) A diagnosis of nonspecific synovitis of the knee was made, as previously it 
had been made elsewhere, with respect to the hip. The knee was immobilized in a 
plaster of Paris mould. In May, 192S, the child was discharged to the outpatient 
department. 

Under conservative treatment, the acute manifestations subsided. The child 
remained relatively free of symptoms until May, 1931, when she was again ad- 
mitted to the hospital for pain and swelling of the knee. At this time it was noted 
that slight rotation was present in the hip and doubt as to the nature of the ankylo- 
sis was expressed. The roentgenogram (Pig. 1) was reported as showing an old 
ankylosing process of the left liip. However, later restudy disclosed that the head 
and nee k were absorbed, that the joint space was completely obliterated, but that 
below the femoral head, in the region of the epiphyseal lino, there was an irregu- 
lar zone of radiotransluceney, similar to that which has since been seen in cases of 
epiphyseal pseudo-arthrosis. 1 

Though the specific therapy of this condition was not at that time recognized, a 
pelvic support osteotomy was performed, hut for other reasons. Because of tlic 
necessity for immobilization of the knee, it was decided to correct the liip deformity 
at the same time and so save the patient unnecessary hospitalization. On May 13, 
1931, a subtrochanteric osteotomy was attempted. The distal fragment, however, 
became displaced medially, so that in effect a Lorenz bifurcation was performed. 
Specimen of the hone removed at the time of operation showed no evidence of any 
tuberculosis. The convalescence was uneventful, and in June the patient was dis- 
charged in a plaster of Paris spica. In September, the plaster was removed and <he 
patient was permitted to bear weight on the affected limb. Physiotherapy was in- 
stituted as soon as the patient’s pain subsided. 

Following her discharge from the hospital, the patient made intermittent visits 
to the dispensary. In 193G, roentgenogram revealed a destructive lesion in the 
external condyle of the left femur, which was considered to ho tuberculosis. The 
pain gradually became worse, so that in October, 1937, the patient could no longer 
hear weight upon the knee joint. She was immobilized in plnster and advised bed 
rest hut without relief of symptoms. In November, hospitalization was advised. 

*Vt this time the knee was found swollen, fonder, nnd warm to the touch. There 
was a moderate valgus, which was attributed partly to the tuberculosis and partly 
to the antecedent bifurcation operation. Motion at the knee was limited to 155- 
de-wee extension and 100-degree flexion. The hip was solidly fused and painless 

' F TI e'mitient now presented an extremely, disturbing problem. She was 19 years 
. ^ 1 n(I wn0 suffering from what was clinically tuberculosis of the left knee. 

°f nge n ‘ trcat( , a conservatively for a period of about nine years, but without 
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and could sit down. Even thougli she had hut little active power in the hip muscles 
and walked with a limp, she had a remarkably stable and painless hip. Roentgeno- 
gram of the hip taken at tins time (Fig. 3) was reported as showing “a firmly 
united bifurcation osteotomy of the femur, with the upper end of the distal frag- 
ment forming a new joint between it and the base of the ascending ramus of the 
pubic bone close to the acetabular ring.” 



Fig, 3. — The femoral neck has been resected and motion restored. Stability is mam- 
tamed by pelvic abutment of the apex of the postosteotomy angle. 


This position is of course not ideal for the rc-establishment of phys- 
iologic motion. In fact, it may be one of the factors responsible for the 
inability actively to move the limb. On the other hand, the limitation 
of active motion may he due to intrinsic loss of power in the muscles 
themselves. All too frequently sight is lost of the fact that mere recon- 
struction of the mechanical conditions for motion does not assure the 
result, unless some means of restoration of the motor power, that is of 
the re-establishment of the biomechanics of the joint, is guaranteed. In 
a patient such as has been described here, where passive motion far 
exceeded the range of active motion, it must he presumed that the muscle 
motors had been damaged beyond repair by the antecedent inflammatory 
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this is a zone of lymphocytes and plasma colls, in which collections of epithelioid 
and giant cells may be observed. 

Diagnosis. Tuberculoma of the neck of the femur, in a case of old, healed 
tuberculosis of the hip joint.” 

# Motion of tlie hi P was started ten days after operation and walking with the 
aid of crutches was permitted at the end of six weeks. The patient left the hos- 
pital on Jan. 1, 193S. In July, 1938, the lange of motion at the hip included 
flexion from 1/0 to 145 degrees, external rotation 5 degrees, adduction 15 degrees 
f 10111 midposition, and abduction 5 degrees from the xnidposition. Actively, 

the patient was able to raise the leg from the examining table, even though she 
was wearing a Thomas walking brace to protect the knee. 



o w . — The hip is solidly fused ; the characteristics of the Lorenz bifurcation 
have disappeared and the femur presents the appearance of a Schanz type of pelvic 
support osteotomy. 

Examination in April, 19-10, retooled essentially the same arcs of passive motion, 
without any increase in active power. The knee joint was flexed at l td degrees and 
roentgenogram of the knee joint disclosed destruction of the lateral femoral eon- 
1 . “There is very little motion at the knee and the process appears to he 
V 1- proere-sing.” Admission to the hospital for fusion of the knee was recoin* 
S °"l' 1 but was "refused by the patient, because of tlir subsidence of acute simp- 
nl<>11 ' e ’ ie jjpnt -nas seen again in May, 19H. The conditions in the hip were 
tom °- ‘ jjac^anged. The patient was able to get about with moderate comfort 
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be instituted as after any other arthrolysis. But, contrary to the prac- 
tice in other arthroplasties, weight bearing may he permitted as soon 
as the postoperative reaction has subsided. 

SUMMARY 

An operative procedure for the treatment of hip ankylosis is pre- 
sented. In principle, the operation consists of two separate operations 
performed in successive steps: the first stage, the Lorenz bifurcation 
osteotomy, undertaken in order to insure stability of the hip ; the second 
stage, release of the hip by resection of the femoral neck or head, is 
performed when bony union following the osteotomy has occurred. This 
combination affords the opportunity of satisfying both primary re- 
quirements of hip function, stability and mobility. It can he employed 
in cases where the classical types of arthroplasty cannot he employed. 
The operation is relatively free of shock, and can be earned out at 
intervals that require relatively short periods of enforced hospitaliza- 
tion. Each of the steps in the operation is simple and does necessitate 
the refinements of organization that formal arthroplasty makes essential. 
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process and by the subsequent prolonged immobilization during the 
period of fusion. This objection applies to all types of arthrolysing 
operations, quite irrespective of the mechanical efficiency of the joint 
which may be the result of the surgical intervention. 

Whether the surgical effort in any particular case should be directed 
toward the remodeling of a new anatomic hip joint, or merely toward 
release of the ankylosis, will be largely a question of individual prefer- 
ence or experience. The startling discovery of a tuberculoma of the 
neck in the case here reported suggests the possibility of a disastrous 
reactivation of the process, had the usual type of arthroplasty been 
performed. On the other hand, the uneventful response following 
resection of the neck would appear to speak in favor of the procedure 
in these types of cases. It would seem to have its special field of useful- 
ness in those cases in which the absence of a femoral neck would pre- 
clude the performance of the usual type of arthroplasty. 

A further advantage of the operation is that it is performed in two 
stages, neither of which is shocking to the patient. The operation has 
been performed at one sitting, but this is considered inadvisable, since 
the plaster immobilization necessitated by the osteotomy prevents the 
mobilization which is desirable after release of the ankylosis. At the 
outset, the effort was made to mobilize the hip before attempting 
osteotomy of the shaft. While this materially reduces the technical 
obstacles, some difficulty urns experienced in the prevention of upward 
displacement of the shaft between the first and second stages. At 
present, osteotomy is performed as the first stage. This may be done 
simply through a small, lateral incision, at the base of the trochanter, 
or may be performed with greater precision through an anterolateral 
incision, which permits accurate displacement of the distal fragment. 
Following abduction of the osteotomized fragment, both hips are im- 
mobilized in plaster, until firm bony union has taken place. In per- 
forming the abduction, no attention need be paid to the size of the 
postosteotomy angle. 2 Since the head and neck are to be removed, the 
pelvis will be supported by only a single fulcrum at which no limita- 
tion of motion can occur. Nevertheless, excessive abduction is to be 
avoided and 30 degrees may be taken as an average maximum of abduc- 
tion for the distal fragment. 

Follow'ing re-establishment of bony continuity at the site of the pelvic 
support osteotomy, the second stage for release of the ankylosed head is 
undertaken. If the head can be easily separated from the acetabulum, 
it may he exenterated and removed in one piece with the neck, which 
should be cut. through at its base. If, however, the ankylosis is so solid 
that the head cannot be easily delimited, no effort should be made to 

„„ out the acetabulum, after osteotomy at the base of the neck. The 
5 a , s -| 10 ulcl he released by another osteotomy made flush with 

tty pelvic waH Traction and graded active and passive motion should 



DOUBLE PULLEY HUMERAL ADAPTATION OF RUSSELL 

TRACTION 

Donald *W. Smith, M.D., Miami, Fla. 

TN TREATING fractures of the shaft of the humerus many methods 
1 are available, depending upon the type of fracture, its location, asso- 
ciated injuries, and the surgeon’s experience and ability. In the hands 
of an expert the frequent election of open reduction may produce 
gratifying results, whereas its general use may be disappointing. The 
immediate application of a east, with or without some form of ambu- 
latory traction, has its place in selected cases but frequently a better 
immediate and final result with a shorter ultimate period of incapacity 
and, as Colp and Findlay 1 have shown, a quicker economic restoration 
may follow hospitalization with extension. 

There are many indications for caution in the employment of the 
bedside extension methods. Speed 2 has recently emphasized the fact 
that the most frequent error committed is “overpull” with resulting 
interposition of soft parts or periosteum, preventing reapposition and 
frequently resulting in delayed or nonunion. Inadequate traction or 
loss of traction, through errors in application of the equipment or ar- 
rangement of pulleys, and inadequate nursing care may cause over- 
riding or malalignment. 

Certain complications common to the various methods of application 
may also occur. The use of too much weight may cause adhesive to 
slip and injure the skin, resulting in infections which interfere with 
subsequent operations. 

As Heyl 3 has pointed out, skeletal application of traction permits 
the use of greater weights and skin injuries are avoided. It must he 
remembered, however, that every wire, nail, or tong causes a compound 
injury to the bone and carries with it the hazards associated with that 
type of injury. Mathewson 4 calls attention to the fact that incorrect 
angle, avulsion, bending or slipping of the wire or nail, injury to nerves 
and blood vessels, pressure necrosis or gangrene of soft parts, hematoma 
formation, and infection of the skin or hone arc occasionally encountered 
when skeletal traction is employed. 

The system most commonly used in applying traction to (lie humerus 
consists of two or three separate weight and pulley combinations as 
presented in 1918, by Blake and Bulkey/' one pulling through an over- 
head pulley on a Balkan frame to a hand spreader, another through 
a pulley on a traction stand for lateral traction of the humerus, and a 
third through a pulley on the Balkan frame to a sling under the 

humerus. 
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This multiple weight sj'stem requires considerable care in its applica- 
tion, constant observation, and frequent adjustments. A further dis- 
advantage is the inability of the patient to change position in bed. 
The necessity of maintaining a hat supine position for about six weeks 
or until some bony union has resulted creates a definite nursing prob- 
lem and causes the patient a great deal of discomfort. 

Certain modifications of pulley arrangement such as that described 
by Blum 8 have simplified and improved this system of traction but 
without simplifying the nursing problems presented by the bedridden 
patient. 

Herewith, we present a new and simple method for the application 
of traction which will permit the patient to assume a lying or sitting 
position in bed, thus simplifying the nursing care. The following is 
not a description of a new apparatus, but of a physiologically correct 
axis traction adaptation for use in selected fractures of the shaft of the 
humerus in which hospitalization is indicated. 

ADAPTATION 

The patient is placed in bed with the emergency Thomas splint in 
place and the traetion is applied without altering the position of frag- 
ments as revealed by roentgenogram upon admission. 

A Balkan frame is placed on the bed and a single pulley is attached 
to an overhead extension am which is adjusted to allow the desired 
degree of abduction and flexion. The usual type of hand cage or 
spreader is applied by adhesive strips to the dorsal and volar surfaces 
of the forearm. A spreader with one double or two single pulleys at- 
tached is fastened to the antecubital region by a felt sling or by mole- 
skin or adhesive tape. In the latter case the tender medial aspect of 
the arm is avoided. The adhesive strip is attached posteriorly and is 
passed outward over the spreader where it is divided and faced, each 
half passing about the forearm without adhering until, as it encircles 
the arm, it reaches the tape posteriorly. 

The rope attached to the hand spreader is passed through the pulley 
on the overhead extension arm of the Balkan frame in order to sup- 
port the forearm. Prom there it is passed through one-half of the 
double pulley system at the elbow, then through a single pulley attached 
to the end of the Thomas splint and, finally, through the other pulley 
at the elbow down to the weight below. In this way lateral traction 
and countertraction are produced to maintain humeral extension. 

The pulley arrangement is shown in Fig. 1. In Pig. 2 is shown a 
superimposed parallelogram of forces with OA extending from the 
elbow toward the single overhead pulley. This force equals that of the 
suspended weight. The force OB, from the elbow through the double 
pulley system laterally, equals twice the suspended weight. When 
deducting the weight of the forearm and hand eage it is found that 
about three-fourths of the suspending force OA has been neutralized 
leaving OA' as the force entering into the parallelogram of forces act- 



DOUBLE PULLEY HUMERAL ADAPTATION OF RUSSELL 

TRACTION 

Donald W. Smith, M.D.. .Miami. Fi_v. 

TN 1 R LATINO iruetwcs of the shaft of tia- humerus many medians 
are available, depending upon the type of fracture. its location, asso- 
ciated injuries, and the surgeon's experience and ability. In the hands 
of an expert the frequent election of open reduction may produce 
gratifying results, whereas its general iw- may be disappointing. The 
immediate application of a cast, with or without some form of ambu- 
latory traction, has its place in selected cases but frequently a better 
immediate and final result with a shorter ultimate period of incapacity 
and, as Colp and Findlay 1 have shown, a quicker economic restoration 
may follow hospitalization with extension. 

There are many indications for caution in the employment of the 
bedside extension methods. Speed- has recently emphasized the fact 
that the most frequent error committed is "overpull" with resulting 
interposition of soft parts or periosteum, preventing reapposition and 
frequently resulting in delayed or nonunion. Inadequate traction or 
loss of traction, through errors in application of the equipment or ar- 
rangement of pulleys, and inadequate nursing care may cause over- 
riding or malalignment. 

Certain complications common to the various methods of application 
may also occur. The use of too much weight may cause adhesive to 
slip and injure the skin, resultius in infections which interfere with 
subsequent operations. 

As Heyl 3 has pointed out. skeletal application of traction permits 
the use of greater weighrs and skin injuries are avoided. It must be 
remembered, however, that every wire. nail, or tong causes a compound 
injury to the bone and carries with it the hazards associated wirh rhar 
type of injury. Mathewson 4 calls attention to the fact that incorrect 
angle, avulsion, bending or slipping of the wire or nail, injury to nerves 
and blood vessels, pressure necrosis or gangrene of soft parts, hematoma 
formation, and infection of the skin or bone are occasionally encountered 
when skeletal traction is employed. 

The svstem most commonly used in applying traction to the humerus 
consists of two or three separate weight and pulley combinations as 
presented in 1918, by Blake and Bulker. 3 one pulling through an over- 
head pulley on a Balkan frame to a hand spreader, another through 

uullev on a miction stand for lateral traction of the humerus, and a 
third through a pulley on the Balkan frame to a sling under the 

humerus. 

ReceTved for publication. April IT. 13 12. 
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This multiple weight system requires considerable care in its applica- 
tion, constant observation, and frequent adjustments. A further dis- 
advantage is the inability of the patient to change position in bed. 
The necessity of maintaining a flat supine position for about six weeks 
or until some bony union lias resulted creates a definite nursing prob- 
lem and causes the patient a great deal of discomfort. 

Certain modifications of pulley arrangement such as that described 
by Blum G have simplified and improved this system of traction but 
without simplifying the nursing problems presented by the bedridden 
patient. 

Herewith, we present a new and simple method for the application 
of traction which will permit the patient to assume a lying or sitting 
position in bed, thus simplifying the nursing care. The following is 
not a description of a new apparatus, but of a physiologically correct 
axis traction adaptation for use in selected fractures of the shaft of the 
humerus in which hospitalization is indicated. 

ADAPTATION 

The patient is placed in bed with the emergency Thomas splint in 
place and the traction is applied without altering the position of frag- 
ments as revealed by roentgenogram upon admission. 

A Balkan frame is placed on the bed and a single pulley is attached 
to an overhead extension arm which is adjusted to allow the desired 
degree of abduction and flexion. The usual type of hand cage or 
spreader is applied by adhesive strips to the dorsal and volar surfaces 
of the forearm. A spreader with one double or two single pulleys at- 
tached is fastened to the antecubital region by a felt sling or by mole- 
skin or adhesive tape. In the latter case the tender medial aspect of 
the arm is avoided. The adhesive strip is attached posteriorly and is 
passed outward over the spreader where it is divided and faced, each 
half passing about the forearm without adhering until, as it eneireles 
the arm, it reaches the tape posteriorly. 

The rope attached to the hand spreader is passed through the pulley 
on the overhead extension arm of the Balkan frame in order to sup- 
port the forearm. From there it is passed through one-half of the 
double pulley system at the elbow, then through a single pulley attached 
to the end of the Thomas splint and, finally, through the other pulley 
at the elbow down to the weight below. In this way lateral traction 
and eountertraetion are produced to maintain humeral extension. 

The pulley arrangement is shown in Fig. 1. In Fig. 2 is shown a 
superimposed parallelogram of forces with OA extending from the 
elbow toward the single overhead pulley. This force equals” that of the 
suspended weight. The force OB, from the elbow through the double 
pulley system laterally, equals twice the suspended weight When 
deducting the weight of the forearm and hand cage it is° found that 
about three-fourths of the suspending force OA has been neutralized 
leaving OA' as tlic force entering into the parallelogram of forces act- 


64 


SURGERY 


ing at the elbow. The resultant OX, slightly greater than OB, is found 
to lie in tiie axis ol’ the shaft of the humerus. 

A three-pound weight exerting its traction through the single over- 
head pulley will produce a three-pound lift to support the arm and 
hardware, and through the double pulley system, it will produce 
slightly more than a six-pound extension traction upon the fracture 
site. 



Fig. 1 . — Double pulley traction method of humeial extension in fractures of the 
shaft of the humerus, showing application and pulley arrangement. Bandage and 
humeral sling are omitted for purpose of illustration. Doweimg of back rest will 
allow patient and apparatus to descend. The rope travels through the pulley system 
as the weight is raised. 

It lias been found that arms requiring more or less traction also re- 
quire a correspondingly heavier or lighter weight for their support. 
By using weights from two to six pounds this system is, therefore, ap- 
plicable to children as well as to muscular adults. To decrease or in- 
cvease the lift on the forearm the overhead pulley may be shifted out- 
ward or inward, thereby increasing or diminishing the resultant forces 
involved in lateral traction. A much simpler method, however, is to 
lock the overhead pulley in the desired position by means of a plug or 
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A muslin sling may be fastened over the bars of the Thomas splint 
to support the humerus. It may become necessary to support the splint 
with tape applied to the forearm or with rope attached to or above the 

hand spreader. 



When the adjustments are all made, the outstanding advantage of 
this system over other methods of extension becomes apparent. As the 
patient rises on the back rest, the nurse gently lifts the end of the 
Thomas splint and the rope travels through the system of pulleys as 
the weight descends. Merely lifting the weight allows the arm and 
splint to descend as the back rest is again lowered. 
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ADVANTAGES 

1. No special equipment is minimi. 

-• It, is comfortable and it may be adjusted with ease; no angle cal- 
culations arc necessary. 

3. No tilting of the bed is required; there is no loss of traction caused 
by the elbow spreader striking the pulleys as there may be with the 
usual traction stand. 

4. Less supervision is required by the nursing staff. 

5. There is no posterior angulation of the fracture when the patient 
is raised from the mattress for the usual nursing care; the sling at- 
tached to the Thomas splint rises with the extension system. 

6. The patient may be readily transferred from Thomas splint emer- 
gency traction; he may be safely transported to the x-ray department 
for studies when portable equipment is not available. 

7. This system is adapted to skeletal traction by means of a wire 
through the distal humerus or olecranon, or to modifications of skin 
traction as advocated by Blum 0 and Butcher. 7 

S. There is less force exerted upon the arm for corresponding amount 
of axis traction than in other forms of multiple pulley systems, such 
as that described by Blum, 0 as there are no widely separated opposing 
forces producing a resultant. The single pulley force overhead is 
practically equalized by the weight of the arm and hardware, while 
the greater, double pulley force corresponds with the desired axis for 
humeral traction. 

9. The freedom of motion afforded makes the patient ’s hospitalization 
much more bearable. 


SUMMARY AND CONCLUSIONS 

Some of the common methods of management of fractures of the 
distal half of the shaft of the humerus are mentioned with comments 
on the deficiencies of the existing methods of bedside traction systems. 

A new double pulley method of humeral extension is described which 
eliminates many of these deficiencies and provides certain advantages 
which other extension methods do not offer. 


REFERENCES 


1 Colp K and Findlay, K. T. : Fiacture of the Humerus, S. Clin. North America 
8: 4(31-460, 192S. 

0 gpeed K. : Skeletal Traction in Treatment of Fractures, Am. J. Surg. 38: 
e 564-567, 1937. 

a Hevl J H • Treatment of Fractures of the Shaft of the Humerus, Arch. Surg. 

38: ‘295-312, 1939. T o 

4 Matliewson, Carleton J . : Misuse of Skeletal Traction, Am. J. Surg. 47: 40S-430, 

1940. 


6. Blum, ^“^obst. 65: S12-S20, 1937. 

Butcher \ S A Simple Method of Applying Extension 
757-758, 1939. 


to the Elbow. Lancet 1; 



INTESTINAL ACTIVITY FOLLOWING DISTENTION OF THE 
GALL BLADDER AND URINARY TRACT: AN 
EXPERIMENTAL STUDY* 


Hendrik J. Sviex, M.D.,t and Frank C. Mann, M.D.i 
Rochester, Minn. 


T he gastrointestinal manifestations accompanying diseases of the 
biliary tract or of the urinary tract are well known. In many cases 
these diseases are accompanied by some transitory or permanent gastro- 
intestinal symptom, that is, nausea, vomiting, epigastric distress, abdom- 
inal discomfort, ileus, distention, constipation, and so forth. These sec- 
ondary symptoms are at times so conspicuous as to cloud the true nature 
of the primary disturbance and to lead to an incorrect diagnosis. A 
possible explanation of some of the symptoms noted clinically in these 
cases may he found in recent experimental work in this field of research. 
To date this has dealt mainly with the stomach but we shall concern 
ourselves only with the effect of distention of the gall bladder or of the 
urinai-y tract on the small intestine. 

Schrager and Ivy found that when the gall bladder of the dog was 
distended by inflating a toy balloon placed in its lumen, the animal 
experienced discomfort and occasionally salivation and vomiting. Dis- 
tention of the biliary ducts caused marked discomfort ; pressures of more 
than 100 mm. of mercury always produced salivation and frequently- 
produced vomiting. It was evident that the symptoms were more in- 
tense and uniform when the biliary duets were distended than when the 
gall bladder was distended, and the symptoms could be elicited with 
less pressure. 

Zollinger performed similar studies on man. The gall bladder and 
the common duet were distended after the patient had recovered suffi- 
ciently from a short period of anesthesia to answer questions intelli- 
gently. Distention of the gall bladder did not cause vomiting, whereas 
distention of the common duet frequently did cause vomiting. 

Welch, Coplan, and Holmes stated that roentgenoseopie observations 
on the duodenum and jejunum of patients who had pathologic changes 
in the ureter indicated that there are spasm of the duodenal cap and 
liyperperistalsis of the descending loop of the duodenum, sometimes so 
severe as to cause regurgitation. 

King inserted a cannula through the apex of the bladder of bar- 
bitalized dogs, so that the bladder could be filled or emptied at will by 
raising or lowering a pressure bottle connected to the cannula in the 
bladder . Intestinal records were made with a balloon-tambour system 
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lie found that when the pressure bottle was raised very slowly, no 
cliange of duodenal activity took place. The response to sudden and 
rapid increase of pressure was somewhat variable, but quantitative 
rather than qualitative. King never observed any augmentation of duo- 
denal tonus and movements under these conditions, but quite constantly 
ho observed a diminution. In many of his cases the relaxation was 
small, in other’s it was prompt and complete. 

The objective of the investigation reported here was to determine if 
changes in the activity of the jejunum and ileum could be produced by 
distention of (1) the gall bladder, (2) the upper part of the urinary 
tract, or (3) the urinary bladder. 


METHOD OF STUDY 


Female dogs, weighing between S and 17 kg., were used in these 
experiments. All the animals were trained for making the necessary 
observations and recordings. All operative procedures were made with 
the animal under ether anesthesia, using surgical technique. Studies 
were not done until healing had occurred. Advantage was taken of the 
technique devised in this laboratory' 3 for obtaining samples of intestinal 
contents and used subsequently' for the study of intestinal peristalsis.' 
This preparation consists of a loop of small intestine in continuity with 
the remainder of the bowel, with blood and nerve supply intact, en- 
closed in a bipedicled loop of skin. Records of intestinal activity were 
obtained by means of a double tambour system, the receiving tambour 
being fastened to the loops of intestine by an aluminum clip, and the 
recording tambour being attached to a recording lever, the excursions 
of which were recorded on the kymograph. 

Distention of the Gall Bladder . — Distention of the gall bladder was 
accomplished by inflating a fine rubber balloon which had been inserted 
through the fundus into the lumen of the gall bladder. The balloon 
had been tied previously over the end of a size 16 self-retaining catheter 
in such a way that when it was filled without tension it was of approxi- 
mately the same size as the cavity of the gall bladder. The opening in 
the fundus was closed securely around the catheter, which was brought 
to the outside through a stab wound. The gall bladder was distended 
by injection of saline solution at the body temperature of the animal 
(39 to 40° C.) from a syringe into the catheter-balloon system in the 
g all bladder. The catheter was fitted with a glass T tube, to provide for 
the inclusion in the system of a simple mercury manometer. In this 
way the gall bladder could be distended slowly' or raj) idly' to whatever 
nressure was desired and this pressure could be maintained for what- 
ever period was desired. The distention was maintained usually for 
fifty to sixty seconds and an interval of several minutes elapsed between 


successive trials. , _ , . 

The experiment was first done on the animals recently fed and was 
d" after a twenty-four- to forty-eight-hour fast. In this manner, 
repea e stentioI1 of the gall bladder was studied in all phases of 
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intestinal activity, from the vigorous, steady activity in the recently 
fed animal to the infrequent, feeble, and irregular contractions which 
interrupt long periods of quiescence in the fasted animal. 

Distention of the Upper Part of the Urinary Tract .— Distention of 
the upper part of the urinary tract was accomplished by injecting water 
or dilute uruie through a ureteral catheter. The details of technique 
in the procedure of ureteral catheterization have been worked, out by 
Greene and his method was used. The animal was anesthetized with 
pentothal sodium administered intravenously. A 5 per cent solution 
was injected at a rate of about 1 e.e. per minute. From 4 to 6 e.c., de- 
pending on the size of the animal, were necessary to induce a stage of 
anesthesia suitable for work with the eystoscope. The animal was main- 
tained at this level by the injection of 0.5 to 1 e.c. of the anesthetic 
agent from time to time as necessary. Intravenously administered 
pentothal sodium is very satisfactory for this work, because the animal 
wakes within one-half hour after administration of the anesthetic agent 
has been discontinued and completely recovers within two hours. There 
is very little vomiting or other gastrointestinal disturbance, and the 
animal will eat shortly after waking. 

With the animal under anesthesia as described, the urethra was di- 
lated to a caliber of 2S French with van Buren sounds. A 24 French 
Braaseh eystoscope then could be introduced readily into the bladder. 
The ureteral orifices were identified and a suitably sized ureteral catheter 
(5 or 6 French) was manipulated through the ureterovesical valve of 
the more easily accessible ureteral orifice and passed on up into the 
pelvis of the kidney. The eystoscope then was removed, the catheter 
being left in place and fixed with adhesive tape to the perineum. An 
attempt was made throughout the procedure to maintain sterile tech- 
nique. 

The presence of the catheter in the ureter did not disturb the animal 
to auy discernible degree, and once the animal had recovered completely 
from the anesthetic, it appeared normal in every respect. The animal 
was fed twenty to thirty minutes before the start of the experiment to 
insure active peristalsis during the study. 

With the trained animal tied on the padded frame, water or human 
urine at 39° C. was injected from a syringe into the ureteral catheter. 
In several of the experiments, the catheter was pulled down 8 to 10 cm. 
after studies had been made with the tip of the catheter in the renal 
pelvis, and the experiment was repeated with the tip of the catheter in 
this lower position. The length of the ureter in the dog as determined 
from post-mortem studies varies according to the size of the animal • in 
animals of the size studied (12 to 16 kg. respectively) the ureter was 
found to be about 22 to 25 cm. in length. 

Each subsequent catheterization was performed on the same animal 
after an interval of two to three weeks. In this interval of time between 
catheterizations, the trauma and edema resulting from the procedure 
had subsided and the bladder and ureteral orifices, as seen through the 
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IIo found that when the pressure bottle was raised very slowly, no 
change of duodenal activity took place. The response to sudden and 
rapid increase of pressure was somewhat variable, but quantitative 
rather than qualitative. King never observed any augmentation of duo- 
denal tonus and movements under these conditions, but quite constantly 
ho observed a diminution. In many of his cases the relaxation was 
small, in others it was prompt and complete. 

The objective of the investigation reported here was to determine if 
changes in the activity of the jejunum and ileum could be produced by 
distention of (I) the gall bladder, (2) the upper part of the urinary 
tract, or (3) the urinary bladder. 


METHOD OF STUDY 


Female dogs, weighing between S and 17 kg., were used in these 
experiments. All the animals were trained for making the necessary 
observations and recordings. All operative procedures were made with 
the animal under ether anesthesia, using surgical technique. Studies 
were not done until healing had occurred. Advantage was taken of the 
technique devised in this laboratory 3 for obtaining samples of intestinal 
contents and used subsequently for the study of intestinal peristalsis.' 
This preparation consists of a loop of small intestine in continuity with 
the remainder of the bowel, with blood and nerve supply intact, en- 
closed in a bipedicled loop of skin. Records of intestinal activity were 
obtained by means of a double tambour system, the receiving tambour 
being fastened to the loops of intestine by an aluminum clip, and the 
recording tambour being attached to a recording lever, the excursions 
of which were recorded on the kymograph. 

Distention of the Gall Bladder . — Distention of the gall bladder was 
accomplished by inflating a fine rubber balloon which had been inserted 
through the fundus into the lumen of the gall bladder. The balloon 
had been tied previously over the end of a size 16 self-retaining catheter 
in such a way that when it was filled without tension it was of approxi- 
mately the same size as the cavity of the gall bladder. The opening in 
the fundus was closed securely around the catheter, which was brought 
to the outside through a stab wound. The gall bladder was distended 
by injection of saline solution at the body temperature of the animal 
(39 to 40° C.) from a syringe into the catheter-balloon system in the 
o-all bladder. The catheter was fitted with a glass T tube, to provide for 
the inclusion in the system of a simple mercury manometer. In this 
way the gall bladder could be distended slowly or rapidly to whatever 
pressure was desired and this pressure could be maintained for what- 
ever period was desired. The distention was maintained usually for 
fifty to sixty seconds and an interval of several minutes elapsed between 


successive trials. 

The experiment was first done on the animals recently fed and was 
ted* after a twenty-four- to forty-eight-liour fast. In this manner, 
^effect 0 f distention of the gall bladder was studied in all phases of 
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intestinal activity, from the vigorous, steady activity in the recently 
fed animal to the infrequent, feeble, and irregular contractions which 
interrupt long periods of quiescence in the fasted animal. 

Distention of the Upper Part of the Urinary Tract . — Distention of 
the upper part of the urinary tract was accomplished by injecting water 
or dilute urine through a ureteral catheter. The details of technique 
in the procedure of ureteral catheterization have been worked out by 
Greene and his method was used. The animal was anesthetized with 
pentotlial sodium administered intravenously. A 5 per cent solution 
was injected at a rate of about 1 e.e. per minute. From 4 to 6 c.e., de- 
pending on the size of the animal, were necessary to induce a stage of 
anesthesia suitable for work with the eystoscope. The animal was main- 
tained at this level by the injection of 0.5 to 1 c.c. of the anesthetic 
agent from time to time as necessary. Intravenously administered 
pentothal sodium is very satisfactory for this work, because the animal 
wakes within one-half hour after administration of the anesthetic agent 
has been discontinued and completely recovers within two hours. There 
is very little vomiting or other gastrointestinal disturbance, and the 
animal will eat shortly after waking. 

With the animal under anesthesia as described, the urethra was di- 
lated to a caliber of 28 French with van Buren sounds. A 24 French 
Braasch eystoscope then could be introduced readily into the bladder. 
The ureteral orifices were identified and a suitably sized ureteral catheter 
(5 or 6 French) was manipulated through the ureterovesical valve of 
the more easily accessible ureteral orifice and passed on up into the 
pelvis of the kidney. The eystoscope then was removed, the catheter 
being left in place and fixed with adhesive tape to the perineum. An 
attempt was made throughout the procedure to maintain sterile tech- 
nique. 

The presence of the catheter in the ureter did not disturb the animal 
to any discernible degree, and once the animal had recovered completelv 
from the anesthetic, it appeared normal in every respect. The animal 
was fed twenty to thirty minutes before the start of the experiment to 
insure active peristalsis during the study. 

With the trained animal tied on the padded frame, water or human 
urine at 39° C. was injected from a syringe into the ureteral catheter. 
In several of the experiments, the catheter was pulled down 8 to 10 cm. 
after studies had been made with the tip of the catheter in the renal 
pelvis, and the experiment was repeated with the tip of the catheter in 
this lower position. The length of the ureter in the dog as determined 
from post-mortem studies varies according to the size of the animal ; in 
animals of the size studied (12 to 16 kg. respectively) the ureter was 
found to be about 22 to 25 cm. in length. 

Each subsequent catheterization was performed on the same animal 
after an interval of two to three weeks. In this interval of time between 
catheterizations, the trauma and edema resulting from the procedure 
had subsided and the bladder and ureteral orifices, as seen through the 
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He found that when the pressure bottle was raised very slowly, no 
change of duodenal activity took place. The response to sudden and 
rapid increase of pressure was somewhat variable, but quantitative 
rather than qualitative. King never observed any augmentation of duo- 
denal tonus and movements under these conditions, but quite constantly 
ho observed a diminution. In many of Ids eases the relaxation was 
small, in others it was prompt and complete. 

The objective of the investigation reported here was to determine if 
changes in the activity of the jejunum and ileum could be produced by 
distention of (1) the gall bladder, (2) the upper part of the urinary 
tract, or (3) the urinary bladder. 


METHOD OF STUDY 


Female dogs, weighing between S and 17 kg., were used in these 
experiments. All the animals were trained for making the necessary 
observations and recordings. All operative procedures were made with 
the animal under ether anesthesia, using surgical technique. Studies 
were not done until healing had occurred. Advantage was taken of the 
technique devised in this laboratory 3 for obtaining samples of intestinal 
contents and used subsequently for the study of intestinal peristalsis. 7 
This preparation consists of a loop of small intestine in continuity with 
the remainder of the bowel, with blood and nerve supply intact, en- 
closed in a bipedicled loop of skin. Records of intestinal activity were 
obtained by means of a double tambour system, the receiving tambour 
being fastened to the loops of intestine by an aluminum clip, and the 
recording tambour being attached to a recording lever, the excursions 
of which were recorded on the kymograph. 

Distention of the Gall Bladder . — Distention of the gall bladder was 
accomplished by inflating a fine rubber balloon which had been inserted 
through the fundus into the lumen of the gall bladder. The balloon 
had been tied previously over the end of a size 16 self-retaining catheter 
in such a way that when it was filled without tension it was of approxi- 
mately the same size as the cavity of the gall bladder. The opening in 
the fundus was closed securely around the catheter, which was brought 
to the outside through a stab wound. The gall bladder was distended 
by injection of saline solution at the body temperature of the animal 
(39 to 40° C.) from a syringe into the catheter-balloon system in the 
o-all bladder. The catheter was fitted with a glass T tube, to provide for 
the inclusion in the system of a simple mercury manometer. In this 
way the gall bladder could be distended slowly or rapidly to whatever 
pressure was desired and this pressure could be maintained for what- 
ever period was desired. The distention was maintained usually for 
fifty to sixty seconds and an interval of several minutes elapsed between 


successive tnsls* 

The experiment was first done on the animals recently fed and was 
d after a twenty-four- to forty-eight-hour fast. In this manner, 
thfeffect of distention of the gall bladder was studied in all phases of 
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Table II 

- ttt>pfp p vpt qf the Urinary Tract . 

DISTENTION OP UPPER PAST CECUM* 


BATE 1 

POSITION OF 
CATHETER 

TIP 

FLUID 

INJECTED 

(C.C.) 

duration op 

INJECTION 

(SEC.) 

duration op 
inhibition 
(SEC.) 

■ " go" ~ 


~~ Pelvis 

6 

6 

6 

6 

0 

6 

6 
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35 

20 

20 

20 

20 

20 

20 

20 

| 20 

180 

150 

40 

90 

60 

100 

120 

90 

•lO 

' 3/29/40 

Pelvis 

' 10 

10 

10 

10 

50 

50 i 

25 

40 

50 

25 

70 

10 cm. 
below 
pelvis 

10 

10 . 

10 

10 

20 

40 

30 

25 

20 

40 

30 

30 

4/9/40 

Pelvis 

0 

10 

35 

50 

150 



10 

50 

70 



10 

35 

55 


10 cm. 
below 
pelvis 

G 

10 

10 

1 S 

35 

50 

50 

40 

180 

60 

7S 

120 


•Weight 12 kg., catheter (5 French) in left ureter, 

loops of ileum, taken about twelve inches (30 cm.) from the cecum. 
Twenty-four determinations on different days (eight for each ot t re 
three animals) were made on the recently fed animals. In no instance 
did distention of the gall bladder in the pressure range of to m . 
of mercury produce any effect on peristalsis, as observed directly non 
the loop or recorded on the kvmographic record. There was no acce e 
tion or inhibition of the peristaltic waves and no change in onus, 
the essential pattern of the kymographic record was unchange . 

Fifteen determinations on different days (five for eat o 
animals) were made on the animals after they m 3een - n 

twenty-four to forty-eight hours. In these instances t e > j\ 

a relatively quiescent state with only occasional peristaltic act ^ 
Distention of the gall bladder through the pressure ran 
mm. of mercury failed in each instance to stimulate the 

In 38 per cent of the instances of distention ot the gall bladder to 
pressures of more than 140 mm. of mercury, salivation was noted and in 
all Tstances pressures of move than this value produced discomfort. 
Vomiting did not occur. 

Distention of the Upper Part of the Urinary Tract , -Distention of the 
miner part of the urinarv tract produced inhibition of activity m both 
the jejunal and ileal loops (Tables I and III. For the most part, the 
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Table H 


Distention op Uppep. Part op the Urinary Tract: 

Dog 2, Loop op Ileum 10 to 12 Inches (25 to 30 cm.) Froji Cecuji 


DATE 

POSITION OF 
CATHETER 

TIP 

FLUID 

INJECTED 

(c.c.) 

duration of 

INJECTION 

(SEC.) 

DURATION OF 
INHIBITION 
(SEC.) 

3/11/40 

Pelvis 

6 

6 

6 

6 

6 

(5 

6 

6 

6 

35 

20 

20 

20 

20 

20 

20 

20 

20 

60 

180 

150 

40 

90 

60 

100 

120 

90 

3/29/40 

Pelvis 

10 

10 

10 

10 

50 

50 

25 

40 

50 

50 

25 

TO 

10 cm. 
below 
pelvis 

10 

10 

10 

10 

20 

40 

30 

25 

20 

40 

30 

30 

4/9/10 

Pelvis 

6 

35 

65 



10 

50 

150 



10 

50 

70 



10 

35 

55 


10 cm. 

6 

35 

180 


below 

10 

50 

60 


pelvis 

10 

50 

78 



S 

40 

120 


•Weight 12 kg., catheter (5 French) in left ureter. 


loops of ileum, taken about twelve inches (30 cm.) from the cecum. 
Twenty-four determinations on different days (eight for each of the 
three animals) were made on the recently fed animals. In no instance 
did distention of the gall bladder in the pressure range of 0 to 400 mm. 
of mercury produce any eft’eet on peristalsis, as observed directly from 
the loop or recorded on the kymographic record. There was no accelera- 
tion or inhibition of the peristaltic waves and no change in tonus, and 
the essential pattern of the kymographic record was unchanged. 

Fifteen determinations on different days (five for each of the three 
animals) were made on the animals after they had been fasted for 
twenty-four to forty-eight hours. In these instances the bowel was in 
a relatively quiescent state with only occasional peristaltic activity. 
Distention of the gall bladder through the pressure range of 0 to 400 
mm. of mercury failed in each instance to stimulate the quiescent bowel. 

In 38 per cent of the instances of distention of the gall bladder to 
pressures of more than 140 mm. of mercury, salivation was noted and in 
all instances pressures of more than this value produced discomfort. 
Vomiting did not occur. 

Distention of the Upper Part of the Urinary Tract . — Distention of the 
upper part of the urinary tract produced inhibition of activity in both 
the jejunal and ileal loops (Tables I and II). For the most part, the 




72 


SURGERY 


inhibition persisted only as long as the duration of the injection of the 
fluid ; however, in some instances inhibition persisted for as loner as live 
minutes after the fluid had been injected (Pigs. 1 and 2). The ani- 
mals experienced some discomfort while the upper part of the urinary 
tract was distended. Salivation occurred quite generally during the 
periods of distention and on one occasion (Dog 1) vomiting occurred. 







Fig. X. — The upper part of the left ureter was ilia tended with 3 c.e\ of .saline .solu- 
tion injected through the ureteral catheter over a period of ttfty-llvo m cowls In the 
Ilrst instance depicted. Inhibition of motility of u jejunal loop developed Imniedl Uel.v 
anil was maintained for four minutes. Jn the second Instance depicted. 3 c.c. of 
sailne solution were injected over a period of llfty-tlve seconds: inhibition diiWof'ul 
immediately and was maintained for six minutes. The time inlet vnl* represent ll"' 
secomls and one minute. 
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hibition began when as little as 20 to 50 c.e. of fluid were present in the 
bladder, while in other instances 200 to 250 c.e. were necessary to pro- 
duce the effect. The amount of fluid in the bladder necessary to sup- 
press motility varied from animal to animal and in the same animal 
from day to day. Usually, however, the effect could be elicited when 
less than 100 c.e. of fluid had been introduced rapidly into the bladder. 



Tiff. 3. — Loop of jejunum 10 to 12 inches (25 to 30 cm.) from ligament of Treitz. 
Bladder filled at rate of 100 c.e. in fifty seconds. Inhibition of intestinal activity 
occurred when 30 c.c, had been introduced into the bladder. Intestinal activity was 
resumed immediately after the catheter was opened. Time intervals represent five 
seconds and one minute. 



Fig. i . — Bladder filled at rate of 100 c.c. in thirty-five seconds. Inhibition of 
activity of an ileal loop resulted when 100 c.c. had been introduced in the first in- 
stance depicted, and in the second instance, when ISO c.c. had been introduced. Re- 
sumption of intestinal activity occurred immediately after the catheter was opened. 
Time intervals represent five seconds and one minute. 


Intestinal activity was resumed immediately after the catheter was 
opened and the fluid permitted to escape from the bladder. 

Slow Distention: The urinary bladder is filled normally from the 
ureters at a rate of about 2 c.c. per minute. This rate of filling of the 
bladder was found to be too slow for animal experimentation, because 
the animal became fatigued and restless before the bladder could be 
overdistended at this rate. lUcLellan, in cystometrie studies on human 
subjects, found that the optimal rate of filling of the bladder for de- 
termination of cystometrie pressures was 5 e.c. per minute. After 
several preliminary determinations in which the element of fatigue 
of the animal was taken into consideration, it became apparent to us 
that the slowest rate of filling of the bladder suitable for animal experi- 
mentation by our method was of the magnitude of T to 14 c.e. per min- 
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Table III 

Slow Distention* of the Urinary - Bladder of Dogs With Exteriorized I.ihv ot 

Lower Part of Ileum 


NUMBER AND 
WEIGHT OF 
DOG 



Average 


Average 
of ' 

averages 


uto. Therefore, in tin* experiments disignated ‘‘slow distention H" - 
bladder was tilled at rates ranging between these limits. 

Seventeen determinations were made on the four animals with ileal 
loops. Inhibition of intestinal activity occurred in every instance. 
However, a considerably larger volume of lluid in the bladder ",a 
iRee.ssa ry to initiate this relies than when the bladder was distemhd 
rapidly. The tange of volume of lluid in the bladder when inhibition 
occuned in fin se studn s ua.s 70 to 100 e e., the aveiage of the era > 
being dtfl.-l e e. It is to be borne in mind that tin-’ animals vurnd m 
size, ami It I* latloliai to sllpp.i.e that tile eapaeitv of tie- bladder V.li'D I 
in dirtet piop.ut.on to tie- o,v of tie- animal. This .» ..iimpfioii no; 

, r . t , t I.e v,ld. i.flit* - D* vobu.D o: tblld in tl.ebi.eio.r 

u , ss.ii’v ’.<> in!' ( ate rie i/iiiilatoi;. ri (!• v n. C ; . - ' .at em ♦ ..i.uiuil > '1 

. . - 1 1 ; 1 1 nt 1 'b To e e »*f li in l m t a. /»!,.. Id- r pr ' d>n * d llil.i 'o* ,, at oi 
i , • 1 1 , * i I' -., HI . i "e a;on ;i in o.a h 
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Table XV 


Slow distention of the Urinary Bladder in Dogs With Exteriorized Loop of 

Upper Part of Jejunum 


NUMBER, AND 
WEIGHT OF 

DOG 

RATE OF 
FLOW 
(C.C.PER 
MIN.) 

CYSTO- 
METRTC 
PRESSURE 
AT ONSET 

OF INHIBI- 
TION (CM. 
OF WATER) 

bladder 

VOLUME AT 
ONSET OF 
INHIBITION 
(C.C.) 

FINAL 

BLADDER 

VOLUME 

(C.C.) 

DURATION 
OP IN- 
HIBITION 
(MIN.) 

CYSTOMETRIC 
PRESSURE 
WHEN URINA- 
TION OC- 
CURRED (CM. 

OF WATER) 

- 

8 


— 

380 

_ 

50-56 

16 kg. 

12 

__ 

- 

550 

- 

48-51 

12 

30 

150 

220 

10 

12-18 


12 


— 

130 

-V 

16-50 


8 

31 

260 

350 

28 

11-50 


S 



100 

- 

18-52 

Average 

H' 

32 

205 

3S8.3 

19 

16-52 

6 


18 

ISO 

265 

26 

12-50 

8.5 kg. 


99 

200 

275 

23 

11-18 


u 

20 

200 

320 

' 

15-58 


u 

20 

50 

100 

16 

56-60 



17 

190 

260 

12 

50-51 


— 

18 

220 

275 

13 

16-52 

Average 

ss 

19 

183 

219.1 

16.1 

17-51 

7 

10 

_ 

- 

IK TiKi 

- 


12.5 kg. 

11 

- 

- 


- 

18-52 


u 

_ 

— 


— 

50-51 


7 

19 

110 

150 

16 

12-46 


8 

— 

- 

475 

— 

12-16 


10 

- 


500 

- 

46-52 

Average 


19 

110 

119.1 

16 

17-52 

Average 

of 

averages 

S 

23 

200.1 

362 

17.03 

16.6-52.6 


An interesting variation in response to slow distention of the bladder 
was noted in the animals with exteriorized loops of jejunum (Table IV). 
Three animals with such loops were studied in eighteen experiments. 
Whereas in the animals with loops of the lower part of the ileum inhibi- 
tion was produced in every instance by slow distention of the bladder, 
in the animals with jejunal loops this phenomenon occurred in only 
nine of eighteen experiments, or in 50 per cent of the instances. This 
reflex was initiated on only one occasion in six attempts in one dog, 
twice in six attempts in another dog, and in all six instances in the third 
dog. The range of bladder volume when inhibition occurred was 50 to 
410 c.e., the average volume being 266.6 e.c. 

Maintenance > of Inhibition: Once inhibition of activity of the small 
intestine was established by sustained distention of the urinary bladder, 
it persisted for a variable time, after which feeble, irregular peristaltic 
contractions began to occur. If at this point the volume of fluid in the 
bladder was enlarged by a relatively small increment, inhibition was 
re-established for a time, after which activity would again begin feebly. 
A state of quiescence cmikl be re-established by again adding to the 
bladder volume by a small increment. This cycle of events could be 
repeated until the animal urinated or became so uncomfortable that the 
experiment was terminated. 
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Thus, in a study of Dog 1 (lowei* ileal loop) the bladder was tilled 
at a rate of 7 c.c. per minute. Inhibition occurred when the bladder 
volume was 380 c.c. Quiescence of the small intestine persisted in a 
complete degree for twenty-nine minutes and in a relative degree for 
six minutes more. After this thirty-five-minute period of inhibition 
activity was resumed. Bladder volume then was increased by 30 e.e. 
(to 410) at the same rate of flow, and complete inhibition developed 
and persisted for five minutes, being followed by feeble, irregular eon- 




Fig". 5. — The bladder wan distended at a rate of 7 C.c. per minute. When th»* 
volume of tluid In the bladder reached 330 c.c. Inhibition of activity of an IK u ‘‘’up 
occurred and persisted In a complete degree for .six mlnutej and in a relitive degr**' 
for six minutes longer. During thin period of Inhibition, the bladder volume h »*» 
bet n Inert used at a uniform rate to .Ilf* c.c. Activity then rectum d and lo c.c. '■» ' 1 ' ' 
added to the bladder volume. This Inert m« «t produced Inhibition which per.ddtd Pa 
twenty minuted in a complete degree and for .six minutes longer in a nlulve ilwi"'* 
In all, then, inhibition w aa maintained in tlii.« instance for thirty-eight minut* y**’ 
experiment wast terminated at thU point because tin* animil expericru * d con Ud« tann 
discomfort. Time interval* rvpn.u nt tHe .seconds and one minute. Vol. — volume m 
cubic centimeters , l.V.f*. — intr.iv* deal pleasure in c« , nUrm t*u of watei. 






tractions (relative inhibition) for ten minutes longer. At this point 
activity again resumed. After 25 c.c. of fluid had been added at the 
same rate of flow, bringing the bladder volume up to 435 c.c. relative 
inhibition again began, persisting for a seven-minute period followed 
by a five- min ute period of relative inhibition. At this point the animal 
urinated around the catheter. Thus, by adding small increments to 
the bladder volume from time to time, inhibition in this instance was 
maintained for sixty-two minutes. Another instance of the maintenance 
of inhibition of intestinal activity is illustrated in Fig. 5. 

Seventeen experiments were performed on the four animals "with 
lower ileal loops in an attempt to determine the length of time inhibition 
could be maintained by distending the bladder slowly. The average 
duration of inhibition obtained, as described previously, was 32.3 min- 
utes, the range being ten to seventy-six minutes. 

Here, again, a variance between the animals with jejunal loops and 
those with loops of the lower part of the ileum was noted. In three 
animals of the former group, slow distention of the bladder was per- 




Fig. Fluid was introduced into the biadder at a rate of 7 c.c. per minute The 
intravesical pressure gradually rose from 3 to IS cm. of water, at which time Inhibi- 
tion of activity occurred with a volume of 373 c.c. in the bladder. After 1 thirtv-fotir 
minutes of inhibition (during the first seven minutes of which the bladder volume hod 
boon increased to 123 c.c.) the intravesical pressure bad fallen to 15 cm. of water at 
which time activity became re-established in the loop. The bladder volume them was 
Increased by la c.c. (125 to S 10 c.c.) n four minutes, after which intravesical rwS'I 
•sure rose to 34 cm. of water, and a relative inhibition was re-established. The bowll 
remained relatively quiescent for sixteen minutes, during which time the intravesical 
pressure varied between 30 and 3 ! cm. of water. The animal was nhvinu T h— 
fortable at this point and was evidently attempting to urinate. As a res ill t th e mtra - 
vesical pressure rose sharnlv to if» cm. of w.ot or nmi * rrr* 


u .uumipuB? to urinate. As a result, the intro* 

vesical pressure rose sharply to 1 G cm, of water, and the animal urinated around the 
r after which Intestinal activity immediately became vigorous and stendv 
ntcrvals runresent live srYvm.ts nnii nrw* _ .... ateaaj. 


catheter. »«« uiu-simai acuvny immediately became vigorous and steirtV 

Time intervals represent five seconds and one minute. VoL— volume in cubic centi- 
meters; I.V.P. — intravesical pressure in centimeters of water. ouoic cent! 
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Thus, in a study of Dog 1 (lower ileal loop) the bladder was filled 
at a rate of 7 c.c. per minute. Inhibition occurred when the bladder 
volume was 380 c.e. Quiescence of the small intestine persisted in a 
complete degree for twenty-nine minutes and in a relative degree for 
six minutes more. After this thirty-five-minute period of inhibition 
activity was resumed. Bladder volume then was increased by 30 c.c. 
(to 410) at the same rate of flow, and complete inhibition developed 
and persisted for five minutes, being followed by feeble, irregular con- 



Fig-. 5. — The bladder was distended at a rate of 7 c.c. per minute. When the 
volume of fluid in the bladder reached 330 c.c. inhibition of activity of an ileal loop 
occurred and persisted in a complete degree for six minutes and in a relative degree 
for six minutes longer. During this period of inhibition, the bladder volume naa 
been increased at a uniform rate to 345 c.c. Activity then resumed and 10 c.c. were 
added to the bladder volume. This increment produced inhibition which persisted roi 
twenty minutes in a complete degree and for six minutes longer in a relative degree. 
In all, then, inhibition was maintained in this instance for thirty-eight minutes. 
experiment was terminated at this point because the animal experienced considerable 
discomfort. Time intervals represent flve seconds and one minute. Vol. — volume m 
cubic centimeters ; I.V.P. — intravesical pressure in centimeters of water. 



* iMuntim 10 to 12 inches (2 5 to 30 cm.) from the ligament of 
Fig. 6. — hoop of activity resulted in this instance although the bladder was 

Treitf. No inhi ?i t , fhe intravesical pressure rose to 50 cm. of water. Vol.-volume In 
mied to 550 C.C. and I V' r V— ^ Intravesical pressure in centimeters of wu 

lf C reprasent tC tH-i sounds and one minute. 


water. Time Inter- 
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during' the injection or immediately following the completion of the 
injection. The inability to withdraw fluid through the catheter would 
lead one to believe that the injected fluid produced only a very transient 
distention and then rapidly leaked down around the catheter into the 
bladder. Several attempts were made to block the ureter at the 
ureterovesical orifice by passing a ureteral catheter fitted with a suita- 
bly placed wax plug. However, owing to the inherent difficulties of 
passing a ureteral catheter in the dog, this method was discarded because 
the results were not often enough satisfactory to make it feasible. 

From this study, we have shown that distention of the upper part 
of the urinary tract of dogs produces an inhibition of activity of the 
jejunum and the ileum which persists in most instances as long as the 
distention is maintained, and in some instances for variable periods up 
to five minutes after the distention of the upper part of the urinary 
tract has been released. These results are in accord with the findings 
of Campbell and Patterson, of Welch, Coplan, and Holmes, and of 
Coplan, who found similar inhibiting effects on gastric and colonic 
activity from distention of the upper part of the urinary tract. These 
studies offer a possible explanation for the reflex gastrointestinal symp- 
toms noted clinically in cases in which there are proved disturbances 
of the upper part of the urinary ti’aet. 

From our findings, and from the results of King, who found that 
sudden distention of the urinary bladder produced diminution of duo- 
denal activity, certain generalizations may be drawn: (1) Sudden 
distention of the urinary bladder produces inhibition of activity in all 
segments of the small intestine. (2) When the bladder is distended 
slowly, certain variations of the response of the various segments of the 
small intestine are noted. King found that no change of duodenal 
activity occurred when the bladder was distended slowly, and in our 
experiments, inhibition of jejunal activity occurred in only 50 per cent 
of instances. These results in the upper reaches of the small intestine 
stand out in marked contrast to the consistent and prolonged inhibition 
resulting in the terminal portion of the ileum from slow distention of 
the urinary bladder. 

Two logical conclusions may he deduced from the foregoing: (1) 
Sudden distention of the urinary bladder gives rise to a stronger in- 
hibitory intestinal reflex than does slow distention. (2) Activity in 
the upper segments of the small intestine is less readily inhibited than 
is activity in the lower reaches of the small intestine by distention of 
the urinary bladder. 

It has been the observation of many physiologists that the duodenum 
and jejunum are more active and more responsive to stimuli than are 
the lower reaches of the small intestine. Ilouckgeest, Floel, Biederman, 
Ludorilz, and Bavli.ss and Starling all mentioned this observation in 
their writings. Hosoi and Alvarez, as stated by the latter, 1 by holding 
a short segment of bowel under the bath of a salt solution and against 
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formed eighteen times. In nine instances no inhibition resulted (Fig. 
6). In the nine instances in which inhibition did result, the average 
duration was 17.03 minutes, the range being seven to twenty-eight 
minutes. 

Cystometric Studies: From the foregoing- studies, one may theorize 
as follows : "When the bladder wall is stretched sufficiently by a volume 
of contained fluid, impulses apparently arise which reflexly inhibit 
motility in the small intestine, particularly in the lower part of the 
ileum. As the wall of the bladder slowly accommodates to the volume 
of contained fluid, the tension in the wall is lessened and the inhibiting 
impulses are no longer generated. Motility therefore resumes; when 
the bladder wall is again stretched, by the addition of more fluid, in- 
hibitory impulses are again sent out. Cystometric studies of intra- 
vesical pressures lend credence to this assumption. 

It was found that, at the beginning of an experiment, when the 
bladder was empty, the intravesical pressure was of the order of 0 to 6 
or 8 cm. of water. Inhibition of intestinal activity occurred at an 
average intravesical pressure of 23 cm. of water, the range being 11 
to 35 cm. When intestinal activity re-established itself, the intra- 
vesical pressure usually had diminished to a value of 16 to 18 cm. of 
water. Urination occurred when the intravesical pressure reached an 
average value of 49.5 cm., the range being 46.6 to 52.2 cm. of water 
(Fig. 7). 

COMMENT 


One might be led to anticipate, from the knowledge of the work of 
Brush and Patterson, and of Fishback and Ivy, in which rather notice- 
able effects on gastric motility resulted from distention of the gall 
bladder, that the motility of the small intestine might be altered by 
distention of the gall bladder. However, no change in the peristaltic 
pattern of the jejunum or ileum, either in the recently fed or the fasted 
animal, was produced in any instance, even though the pressure in 
the gall bladder was raised to values far in excess of those employed 
by Brush and Patterson. The facts that, when pressures in excess of 
140 mm. of mercury were applied to tire balloon within the gall bladder, 
salivation occurred in 38 per cent of our eases, and considerable dis- 


comfort resulted in all instances, lead us to believe that in these ex- 
periments the gall bladder was being distended effectively. We can 
only conclude, therefore, that by our method of investigation, distention 
of the gall bladder through a pressure range of from 20 to 400 mm. of 
mercury does not produce any change in the activity of either the 
upper jejunal segment or the lower ileal segment of the small intestine. 

Distention of the upper part of the urinary tract produced by the 
7 nmnloved in these studies persists only as long as fluid is being 
n . ° l throivh the catheter. One could determine this objectively by 
mjectc ° -I lu. nsnirat 


noting that no 


fluid could be aspirated from tiie catheter at any time 



INTESTINAL ACTIVITY AFTER OBSTRUCTION OF 
COMMON BILE DUCT 

A. Caxoxtco, M.D.,® axd Fraxk C. Maxx, M.D. 

Rochester, Mixx. 

(From the Division, of Experimental Medicine, Mayo Foundation ) 

M ANY physiologic alterations occur in obstructive jaundice. Some 
of the more important physiologic disturbances incident to ob- 
struction of the biliary outflow occur in the gastrointestinal tract and 
considerable data have accumulated dealing with various gastrointestinal 
mechanisms, such as gastric secretion, intestinal absorption, and so forth, 
in the state of obstructive jaundice. The motor mechanism of the 
gastrointestinal tract in the presence of jaundice has not been thoroughly 
studied. Berti and Bernueci made a roentgenologic study of the small 
intestine in dogs after ligation of the common bile duct and found a 
delay in the passage of the opaque meal through the intestine. Gutzeit 
and Kuhlbaum conducted a similar study on a group of patients who 
had obstructive jaundice and on dogs after ligation of the common bile 
duet. Most of their patients had an incomplete obstruction of the duet. 
In their patients they found a decrease of intestinal activity that ap- 
peared to be due to depression of tonus contraction. In the dogs that 
had occluded bile ducts, the opaque meal reached the large intestine 
one or two hours later than in the normal state. 

The purpose of our investigation was to study intestinal activity be- 
fore and after ligation of the common bile duct using methods which 
permitted observation and recording of activity of loops of intestine 
under as nearly normal conditions as we have been able to devise. 

EXPERIMENTAL PROCEDURES 

This study was made on trained dogs that had exteriorized loops of 
jejunum and ileum. The exteriorized loops of intestines were in con- 
tinuity, with intact mesenteric blood and nerve supply and enclosed in 
bipedicle tubes of skin. All operative procedures were made with the 
animal under ether anesthesia and with aseptic technique. The record- 
ing of intestinal activity was done by use of an air-displacement system 
which consisted of a rubber balloon attached around the loop by means 
of a rubber cuff and in communication through a rubber tube with a 
recording tambour . 3 ’ 1 

All the animals were trained to lie quietly throughout the period of 
observation. Each period of observation was preceded by an eighteen- 
to twenty-four-hour fast and continued for various lengths of time after 
feeding on the table. A standard meal, consisting of milk, syrup, and 
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an electrode, were able to show a graded response from duodenum 
caudalward to electrical stimulation. Alvarez also noted a remarkable 
gradient in the tendency of excised segments of rabbit’s intestines to 
resume rhythmic activity after the segments had been thrown into 
spasm with pilocarpine and then relaxed again with atropine. Alvarez 
has also shown that there is a gradient from a short latent period in 
the lower part of the duodenum to a long one in the ileum, a gradient 
of tonus, a gi’adient of irritability, and a gradient of rhythmicity from 
the duodenum caudalward. Puestow later confirmed Alvarez’ gradient 
hypothesis of rhythmicity in the dog. 

Our results are consistent with the hypothesis of a gradient of irrita- 
bility from duodenum caudalward. Since the upper segments of the 
small intestine are more irritable than are lower segments, it would 
seem that the duodenum and the upper part of the jejunum are less 
readily inhibited and less readily kept under inhibition by a given 
stimulus than is the lower part of the ileum. 
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OBSTRUCTION OF COMMON BILE DUCT S3 


A. marked decrease of activity occurred during the first twenty-four 
hours after operation, followed by quick recovery which reached a 
maximum on the fifth to sixth day of biliary obstruction (Fig- !)• 
Subsequently, intestinal activity progressively decreased and usually 
minimal activity was readied during the twelfth to fifteenth days after 
occlusion of the duct. The decrease of activity was more noticeable in 
the loops of jejunum than in the loops of ileum. The feeding reaction 
gradually diminished and sometimes did not occur (Figs. 2 and 3). 











Fig. 3. — Intestinal activity of ileal loop, 15 cm. above the ileocecal valve. A, Con- 
trol in fasting (left) and feeding (right) periods; B, six days after the obstruction 
of the common bile duct ; C, fifteen days after the operation. 


l. . . . • . . .ilil 







dm 12 


it! 






Fig. 1 — Same dog as in Fig. 2. .1. In fasting (left) and feeding (right) periods 

eighteen days after the obstruction of common bile duct; B, twentv-two days after 
tile operation ; C, thirty-eight days after the operation. 


The periods of quiescence in the tasting period were often markedly 
prolonged. A definite increase of activity began between the fifteenth 
and twentieth days after operation, which was progressive throughout 
the remaining period during which observations were made, but never 
reached the amount that had occurred before ligation of the duct (Fms. 
4 and 5). No changes of the frequency of the contractions were observed 
either before or after the obstruction of the duet. 
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bread, was given. This standard meal was used because it usually 
produces a characteristic motor response in the intestine of a fasted 
animal and the ingredients of the meal have been found most suitable 
for maintaining animals that have obstruction of the biliary outflow. 

After sufficient control observations had been made, the animal was 
etherized and the biliary tract exposed. The gall bladder was removed 
and the common bile duct doubly ligated and sectioned. Observations 
were made repeatedly after obstruction of the biliary outflow during the 
period that the animals could be maintained in good condition, which 
varied from twenty-eight to thirty-eight days. Serum bilirubin was 
determined at various periods, using the van den Bergh technique. 



Days of obstruction of common bile duct 

Dig-. 1.— Diagrammatic representation of intestinal activity after ligation of common 
bile duct ; curve made from kymograph records taken daily. 










o —Intestinal activity of jejunal loop, 35 cm. fiom tlie ligament of TroIU. .1, 
rnrulol 'in fasting (left) and feeding (rigid) periods: IS, five days after tlie obstiuc- 
Uo^of' common bile duct; C, twelve days after the operation. 


RESULTS 

T rr e neral the effect of obstruction of the biliary outflow on (he 
° ‘ ’ the intestine was similar in all (he animals, and the 

cVniwes^hat occurred affected all the (ypes of intestinal activity .sued 
i reljnlau and irregular segmentation, tonus waves, and pensfals.s. 
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The changes of intestinal activity that were noted in the animals 
that had obstructive jaundice might he owing to the lack of bile in the 
intestinal tract, accumulation of the biliary constituents in the blood, 
or both. Gutzeit and Kuhlbaum expressed the belief, from the results 
of their study on obstruction of the common bile duct, that lack of bile 
in the intestine is the primary factor for the decrease of intestinal 
activity. Horrall and his co-workers, using fasted dogs that had both 
duodenal and gall bladder fistulas, and several balloons inserted into 
the gut, concluded that the flow of bile into the intestine is an important 
factor in maintaining intestinal activity. Haney, Roley, and Cole came 
to the same conclusion as a result of their study on the local action of 
bile in Thiry-Vella loops. On the other hand, Ackerman, Curl, and 
Crandall, working with dogs in which bile was excluded from the in- 
testine by anastomosis of the gall bladder to the right renal pelvis and 
ligation of the common bile duet, observed by means of the opaque 
meal that the motility of the intestine was not affected by the lack of 
bile. In one of the animals in our series, a spontaneous external biliary 
fistula developed nine days after occlusion of the eommon bile duet. 
Intestinal activity increased to a considerable extent after the restora- 
tion of the flow of bile even though the bile was excluded from the gut. 

There is some evidence that the retained biliary constituents, par- 
ticularly the bile salts, in the blood may be responsible for the decreased 
intestinal activity in obstructive jaundice. Sehroeder, using guinea 
pigs, and Chabrol, Lemaire, and Cottet, using dogs, observed that the 
intravenous injection of bile or bile salts produced a great decrease and 
sometimes cessation of intestinal activity. Berti and Bernueci men- 
tioned that small doses of bile given intravenously to dogs produced 
a marked delay of passage of the opaque meal through the intestine 
while large doses caused an acceleration of the intestinal transit. We 
injected gall bladder bile of the dog (0.5 c.c. per kilogram) and pure 
bilirubin (30 mg. per kilogram) intravenously into normal dogs and 
noted a definite decrease of intestinal activity. While the effect of bile 
salts when administered intravenously in a single dose may not ho the 
same as when they accumulate gradually in the blood stream after ob- 
struction to the biliary outflow, the depressing action of these substances 
on intestinal activity is suggestive. The fact, previously mentioned, 
that the changes of intestinal activity after obstruction of the common 
bile duet appear to have a relation until the changes of amount of 
bilirubin retained in the blood also suggests that the retained biliary 
constituents of the blood may be of importance in causing the alteration 
of the motor mechanism of the intestine that we observed. In this con- 
nection it should be noted that Snell, Greene, and Rowntree found 
that the fluctuations of the amount of bile salts in obstructive jaundice 
were similar to the changes in bilirubinemia. 
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The bilirubinemia increased gradually, reaching a maximum on the 
eighth 01* tenth day after operation. It subsequently progressively de- 
creased to the end of the period of observation. There appeared to be 
an inverse relation between the changes of intestinal activity and the 
amount of bilirubinemia (Fig. 6 ). 





JUiSlk 


Fig:. 5. — Same dog- as in Fig. 3. A, In fasting (left) and feeding (right) periods, 
twenty days after the obstruction of the common bile duct; B, twenty-four days after 
the operation ; C, thirty-flve days after the operation. 
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Days of obstruction of common bile duct 

Fig. 6 (Dog 6). — Diagrammatic representation of the curves of bilirubinemia and in- 
testinal activity after obstruction of common bile duct. 


COMMENT 

The sudden decrease of intestinal activity noted immediately after 
operation was apparently an effect of the anesthetic and operative pro- 
cedures, and is in accord with previous observations. Golden found that 
intestinal activity is decreased greatly or abolished during surgical 
anesthesia but recovery often occurs with surprising rapidity. Mann 
and Wakim noted that an almost complete cessation of intestinal activity 
occurred for a few hours after ether anesthesia and exploratory opera- 
tion involving exposure of the entire gastrointestinal tract for fifteen 
to twenty minutes. In each of the foregoing investigations, normal 
ovements of the intestine were resumed within twenty-four hours after 
m thesia The changes of intestinal activity that were noted in this 
an6S tVat j on after the animals had recovered from the immediate 
effects'of the operation would appear to be the result of obstruction to 

the biliary outflow. 


THE EFFECT OF INTRAPERITONEAL INJECTION OP 
GASTRIC, STRANGULATED INTESTINAL AND 
APPENDICAL LOOP CONTENT UPON THE 
LEUCOCYTE COUNT 

Frederick C. Hill, M.D., and Bernard J. O’Loughlin, M.D. 
Omaha, Neb. 

(From the Department of Surgery, Creighton University School of Medicine) 

I F ANY one of a number of protein substances, of which peptone is 
an example, be injected intravenously into animals, there occurs 
within a few minutes a striking reduction in the number of leucocytes 
in the circulating blood, and this reduction in leucocytes is due mainly 
to the disappearance of the granular forms. After a period of several 
hours, the leucocytes increase and often reach a level much higher 
than normal. 

Wyssoeowitseh, 13 in 18SG, was apparently the first one to note this 
phenomenon, and from that time until the present there have been many 
explanations as to the cause of the leueopenia. 

Lowit, 10 in 1892, believed that there was an actual destruction of the 
eells because he found some degenerated white blood cells in the cir- 
culating blood, and he believed that various organs were able to break 
up the leucocytes. He injeeted peptone, nucleins, or sodium urate, and 
found the results to be the same. The leucocytosis which followed he 
considered to be a response from the hone marrow. 

Goldscheider and Jacob 4 produced leueopenia by the injection of 
extracts of spleen, thymus, or bone marrow, and were of the opinion that 
the leueopenia was due to the collection of the white blood cells in the 
capillaries of the lungs, liver, and spleen as a result of a negative 
ehemotaetic influence on the leucocytes exerted by the injected sub- 
stances. Schultz, 14 Graft', 5 and 'Wells 1 ® held similar views. 

Silverman 15 and Schilling 13 believed that the leucocytes collected in 
the capillaries as a result of mechanical obstruction of the capillaries, 
caused by swelling of the endothelial cells, and that the leucocytes were 
thus strained out of the circulation and kept in the organs. 

Bruce 1 made sections of lungs, spleen, and liver during the period 
of leueopenia and found that there was a great increase in the number 
of leucocytes present in these organs. 

Ewing 1 found that the normal liver contained 17,400 leucocytes per 
cubic millimeter, but during leueopenia the number rose to 40,000 leuco- 
cytes per cubic millimeter. 

Doan and his co-workers 3 injected 1 Cm. of sodium nucleinate into 
rabbits and produced an immediate leueopenia which lasted several 
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SUMMARY 

Obstruction of the common bile duct was followed by a marked de- 
crease of activity in exteriorized loops of jejunum and ileum during the 
first two weeks after operation. Subsequently, intestinal activity in- 
creased but never equaled the normal amount in the jaundiced animals. 
The decrease of intestinal activity occurred in both the fasting and 
digesting states but was more noticeable in the latter. It is suggested 
that the biliary constituents retained in the blood, particularly the bile 
salts, may be of importance in causing the observed alteration of 
intestinal activity. 
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1912, stated that after perforation of the intestine in typhoid fever, the 
leucocyte count might rise, remain stationary, or suddenly fall. Liv- 
ingston and Squires 9 studied fifty-five cases of typhoid fever in 1925 
and found that there was a decided fall in the leucocyte count in 18 
per cent after perforation hut they did not specify whether more than 
one count was made after the perforation occurred. Harris and Feld- 
heym® recently reported leucopenia in patients following the release 
of an obstructed loop of an intestine. The reduction was usually noted 
on the first to fourth postoperative days and often was very pronounced. 
In one patient, for instance, the count was 14,400 before operation and 
1,950 on the third postoperative day. In another ease, the preoperative 
count was 11,750 and on the first, second, third, and fourth postopera- 
tive days it was less than 3,000. They attributed the leucopenia to a 
toxin which was released from the obstructed bowel and which produced 
a temporary bone marrow paresis, and in their opinion the leucopenia 
was not related to sepsis and did not mean a bad prognosis. 

Moon 11 introduced ground muscle pulp, brain, liver, or kidney into 
the peritoneal cavity of dogs and observed a progressive circulatory 
deficiency which had all the characteristics of shock. He found that 
hemoeoneentration was present but did not report leucocyte counts. 

EXPERIMENTAL PROCEDURES AND RESULTS 

Group I 

Intraperifoneal Injection of Intestinal Contents 
In order to obtain the material injected into the peritoneal cavity of 
the four dogs studied in this group, strangulation of the bowel was 
produced in other animals as follows: Ether was administered by 
intratracheal intubation after induction in an ether box. No prelimi- 
nary medication was given. Intestinal strangulation was produced by 
ligation of intestine, mesentery, and vessels with one-half-inch twilled 
cotton tape imder aseptic conditions. The incision was closed in three 
layers (peritoneum and muscle, subcutaneous tissue, skin) with No. S 
cotton thread. The loop was removed sixteen hours after strangula- 
tion to forestall rapture and loss of the contents. These contents, usu- 
ally 100 c.c. of bloody, foul-smelling fluid, were removed from an intact 
strangulated gangrenous loop of jejunum about two feet in length. 

After the injection of intestinal contents all four dogs had a more 
or less lowered leucocyte count within fifteen minutes. Immediatelv 
upon injection the dogs became very ill, trembled, whined, and vomited. 
When released one hour after injection they were weak, nauseated, and 
dejected and all but one died in about eight hours. Five dogs were 
then injected with a coarsely filtered saline suspension of contents of 
normal bowel. In each case the content of the whole small intestine 
which was milked out immediately after the death of an animal killed 
with ether, was mixed with saline solution and filtered through gauze. 
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hours ancl which was then followed by a marked leueoeytosis which per- 
sisted up to four days. Leucopenia was found in blood taken from the 
right heart, fi'om the peripheral vessels, and the lungs. They found 
an accumulation of neutrophile polymorphonuclear leucocytes in the 
parenchyma of the spleen. If the spleen were removed no leucopenia 
occurred, but leueoeytosis set in immediately after the injection. 

Wells 1 ' injected dead bacteria into rabbits and found a greatly in- 
creased number of leucocytes in the spleen and liver. He examined 
blood from the lungs and the bone marrow during the leucopenia and 
found a normal number of leucocytes present. He believed that the 
leucopenia was not due to negative chemotaxis or to mechanical obstruc- 
tion to the passage of the leucocytes through the organs, but that it 
was a manifestation of a positive chemotaxis toward the bacteria which 
collected in the liver and spleen. 

Webb lfl studied the leucopenia which occurs in horse serum anaphy- 
laxis in dogs. He found no aggregation of leucocytes in blood from 
the liver, intestines, kidney, spleen, bone marrow, portal vein, or periph- 
eral vessels. Blood from the pulmonary vein, however, he found to 
contain fewer leucocytes than blood from the pulmonary artery and 
sections fi*om the lung showed collections of leucocytes in the capillaries. 

Hill 7 made leucocyte counts on blood from the liver, from a peripheral 
vein, from the spleen, and from a mesenteric vein in dogs during peptone 
leucopenia and found that there was a leucopenia present in all sam- 
ples. He could find no evidence of accumulation of leucocytes in the 
liver or the spleen. 

Hill and Stoner , 8 while investigating the toxicity of the contents of 
strangulated bowel, found that a profound leucopenia followed within 
five minutes after the intravenous injection of such material into dogs. 
They found that the leucopenia preceded the clinical symptoms of such 
injections by as much as thirty minutes, while in some instances, leuco- 
penia was present with no clinical symptoms. Leucopenia also followed 
injection of the content of normal bowel, of bowel content in simple 
obstruction, and of the transudate collected from obstructed and strangu- 
lated intestine. Stoner and Hill believe that this leucopenia is a mani- 
festation of some type of shock, and that the symptoms produced (hype rp- 


nea, prostration, tremor, vomiting) by injection of intestinal contents 
are probably signs of the same phenomenon. Although they did not 
make detailed studies of the differential count in these experiments, it 
seemed that the leucopenia was not as definitely due to a disappearance 
of the "ranular forms as is the case in peptone leucopenia. 

Instances in which splenic, liver or other tissue substances, peptones, 
nucleins or intestinal contents are suddenly introduced into the blood 
f - natural process are rare, but the invasion of some of these into the 
- " , cav ity does commonly occur and the possibility that Icueo- 

peu one " t j 10S(J produced by intravenous injections might result 

penias sum j„jeetious has not been investigated. Osier , 12 in 
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Comment and Conclusions From Table I . — When the contents of 
strangulated bowel are injected, intraperitoneally into another animal 
there is a marked systemic reaction which usually results in death. 
About thirty minutes after the injection there is a pronounced drop in 
the leucocyte count in the peripheral blood. 

When the contents of normal intestine are injected in the same man- 
ner, the systemic reaction is less severe and the animal usually recovers. 
The fall in leucocytes is not constant or pronounced but usually occurs. 

Group II 

Intraperitoneal Injection of Gastric Contents 
In order to determine if leueopenia might occur following rupture 
of a viscus, we procured gastric contents by lavage of a dog’s stomach 
one-half hour after eating white bread (Dogs No. 605 and 594) and 
by washing a stomach ( removed from dog under ether anesthetic for one 
hour) with saline solution (Dog No. 606). 

White bread was used as a stimulating meal to avoid the side effects 
which would probably follow intraperitoneal injection of the meat ex- 
tract test meal usually used. However, because white bread is such a 
poor seeretagogue, it was decided that histamine diphosphate (2.08 mg. 
intramuscularly) should be used in the remainder of the experiments 
in Group II. Gastric contents were removed one-half hour after injec- 
tion of histamine and injected into Dogs 715, 716, 717, 718, and 719 
after treatment as indicated in "Remarks.” Results of such injections 
can be seen in Table II. All dogs in this group lived with the excep- 
tion noted in Table II. 

Comment and Conclusions From Table II . — When gastric contents 
are injected intraperitoneally a drop in leucocyte count oecui-s in over 
one-half the animals. This drop is not constant in degree or time of 
occurrence. The systemic reactions in this group were not as severe as 
in Group I. All animals in this group lived. 

Group 111 

Rupture of the Appendix 

The appendices of five dogs were ligated in such a way that venous 
return was stopped. This operation was done aseptically with intra- 
tracheal ether anesthesia after induction in an ether box, and with no 
previous medication. A cutting suture was fixed to the appendix in 
the distal one-third. At six hours the appendix was swollen to tlu-ee 
times its former size and was black and gangrenous. At this time these 
dogs had a hucocytosis. Rupture of the appendix (produced by pulling 
the cutting suture) resulted in a drop in white blood count in three 
out of five animals, and an increase in signs of illness. 

Comment and Conclusions From Table III . — When a gangrenous 
appendix is made to rupture by the use of a cutting suture the leuco- 
cyte count often falls. It is only rarely that it goes higher than it was 
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Ihis material was tlien injected intraperitoneally. These dogs did not 
appear as ill as the former group and when released appeared normal. 
The leucocyte drop following injection in this group (Table I, B) was 
usually as definite at fifteen minutes as in the former group (Table I, .1), 
but a significantly greater proportion recovered. 


Table I 

INTRAPERITONEAL INJECTION OF INTESTINAL CONTENTS 


A. Contents of Strangulated Loop 


DOG 

NO. 

W.B.C. 

NORMAL 

AMT. IN- 
JECTED 

(c.c.) 

W.B.C. 

5 MIN. 

W.B.C. 

15 MIN. 

W.B.C. 
30 MIN. 

W.B.C, 
1 HR. 

COMMENT 

5S1 

12400 

20 

12700 

11000 

3600 

7500 

Recovered 

584 : 

1S100 

100 

ISOOO 

14950 

10750 


Died in 15 hours 

574 

15150 

50 

14200 

11650 

7900 

6500 

Became very ill up- 
on injection 

570 

16S00 

50 

12800 

9650 

7SOO 

5150 

Died during night 


B. Contents of Normal Dog’s Intestine 


DOG 

NO. 

AV.B.O. 

NORMAL 

AMT. IN- 
JECTED 
(C.C.) 

W.B.C. 

5 MIN. 

W.B.C. 
15 MIN. 

W.B.C. 
30 MIN. 

W.B.C. 

1 HR. 

W.B.C. 
1% HR. 

w.n.c. 

24 nit. 

575 

17100 

15 

15400 

16000 




Recovered 

57S 

8700 

20 

7S50 

6800 




Recovered 

577 

31500 

20 


1S500 

14600 



26050 

597 

7750 

50 

5350 

6150 

6650 

3250 

1300 


598 

8650 

50 

6650 

4550 

2950 

1600 


Died 


Table II 


Intrapeuitoneal Injection of Gastric Contents 


DORS NO. 

==== 

606 

594 

715 

716 

^=== 

717 

719 

W.B.C. 

NORMAL 

S450 

15000 

13000 

11050 

10S00 

16300 

11250 

12150 


15 

min. 

SI 50 

13100 

30 

min. 

6500 

8600 

6(1 

min. 

6000 

32700 

u& 

hr. 

6700 

12700 

2 

hr. 

0550 

11650 

2\<< 

3 

hr. 


11400 

hr. 

7850 



liv. 
lir. 
I lir. 


Gastric Contents Injected 


11150 

10300 

10300 

11350 

11900 

11450 

5700 

S250 

13950 

3S50 

6S50 

11150 

5750 

7S00 

10950 

2450 

6S00 

11200 

7400 



11700 



14750 



20150 

21550 

29200 


Remarks 



14300 

3150 

10700 

11S00 

3000 

11300 

12500 

3100 

10600 

14700 

3900 

9150 

11950 

2700 

8-100 

16500 

4100 

6100 



■1400 



7400 



7900 

45300 

9400 
Died in 

19100 


40 hr. 



Dog No. 
Dog No. 
Dog No. 

Dog No. 
Dog No. 

Dog No. 


605] 
594 [ 
(iOti 

7lo] 

TliiJ 

718 


Dog No. 717 


Given 20 c.e. unfiltered gastric content.-, removed from healthy dog 
after meal of white bread 

Given 20 e.e. filtered .-.aline suspension of contents of .stomach re- 
moved from dog under ether anesthesia 

Given 50 e.e. of untiltorcd gastric contents removed one-half hour 
•ifter histamine stimulation; stomach was here lavaged with 500 e.e. 
of distilled water before injection of histamine and removal of contents 
Given 25 e.e. of filtered gastric content; stomach was not lavaged 
(otherwise same as Dogs No. 715 and 7U>) ... 

Given 50 e.e. of unldtcred contents from unlavaged stomach icmovcd 
one-ledf hour after histamine stimulation; this dog, a female .Seattle, 


in estrus, i 


lied -It) hours after tin- i njection 
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Table III 


White Blood Count Following Rupture of Appendix 


DOG NO. 


602 

604 

607 

608 

NORMAL 


9100 



13500 

Appendix freed from mesentery, ligated, and cutting suture affixed 

6 hr. 






Postoperative 

18700 

15650 

1S400 

19000 

29900 

Cutting suture removed , appendix ruptured 

o min. 

16350 

16250 




15 min. 

16100 

14250 




30 min. 


15150 

21200 

10550 

29050 

GO min. 

14800 

13350 

1S350 

6950 

26000 

1% hr. 


8350 

15950 

1850 

26050 

2 hr. 


6600 

19400 

900 

1SOOO 

2% hr. 


7500 

16400 

1900 

17500 

3 hr. 


4650 

21400 

1950 

18300 

3 y 2 hr. 


3950 

18900 

3250 

17500 

4 hr. 


4000 

17500 

3650 

16650 

4% hr. 


1400 


2200 


5 hr. 


2050 

20560 

Died 

19150 

5% hr. 





24650 

6 hr. 



17150 


23650 

6^4 hr. 



21850 


22400 

Died at 

22 hr. 

20 hr. 

16 hr. 

5 hr. 

24 hr. 


before rupture. The drop in the leucocyte count is not constant in 
degree or time of occurrence but occasionally a marked leucopenia de- 
velops. 

It might be expected that the blood picture following rupture of a 
gangrenous strangulated appendix would be similar to that produced 
by injection of contents of a strangulated jejunal loop. However, symp- 
toms appeared more rapidly in the latter, the leucopenia appeared 
more quickly, and the length of life was much shorter. 

Dogs in the first (Table I, A) and the last (Table III) of these ex- 
periments seemed prostrate. They shivered, vomited, and their extrem- 
ities became cold. They were aeutety ill. 


SUMMARY 

In an attempt to simulate the conditions which exist after an acute 
abdominal catastrophe such as the rupture of a peptic ulcer, the rup- 
ture of an acutely inflamed appendix, or the rupture of a section of 
<>angrenous bowel, the above series of experiments were performed. In 
addition to the severe systemic reaction produced on the animals by 
these procedures, there was a notable tendency for the leucocyte count 
in the peripheral blood to fall. It seems reasonable to assume that such 
a ( j ro p j n the leucocyte count may occur under similar circumstances in 
man and that it has not been previously detected except in isolated 
•es is probably due to the fact that blood studies were not made at 
de 0 appropriate' times. If such a fall in the leucocytes does occur in 

tn 1 ovnlain some of the unexpectedly low leucocyte counts which 
man it maj 

are not infrequently found. 
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closure. The mechanism of pain production is twofold, either a rapid 
stretching of the intestinal musculature or resistance to the strong peri- 
staltic contractions of that layer. In. many instances, particularly in 
partial simple obstructions, this accumulation is gradual, and the in- 
evitable stretching of the bowel wall is sufficiently slow so that pain is 
not appreciated by the patient except at the moments when peristaltic 
rushes in the gut reach the distended area. This pain, occurring with 
the arrival of peristaltic rushes at the distended bowel, is the cramp 
commonly associated with intestinal obstruction. 

The frequency of rhythmic pendular contractions in the jejunal mus- 
cle has been shown by Alvarez and associates to be about twice that of 
muscle from the terminal ileum. There is some reason to believe that the 
frequency of periods of increased local muscular activity, corresponding 
to peristaltic rushes, also follows a gradient. In cases in which the 
level of intestinal obstruction is in doubt, the frequency of cramps may 
occasionally be of aid, the cases presenting intervals less than 3 to 4 
minutes tending to have high obstructions and those of eight to ten 
minutes, low ones. The appreciation of pain between cramps is prob- 
ably a function of the rapidity with which material is accumulating 
above the obstructed area. 

Borborygmus . — Gas is normally present throughout tlie intestinal 
canal, but in the small intestine, where activity is great, it usually does 
not collect in pockets large enough for x-ray visualization (Wangen- 
steen). With the onset of obstruction and stagnation above, gas in 
quantity collects above a small quantity of fluid. Each peristaltic rush 
forces a little more gas and fluid into this closed space, resulting at first 
in gurgles, audible with the stethoscope at the moment of the height of 
the cramp. As the volume enclosed within the bowel above the obstruc- 
tion increases, the wall of this bowel is stretched increasingly more 
tightly, and the pitch of the audible sound coming with each cramp 
rises correspondingly until it becomes the familiar tinkle or borborygmus 
of established intestinal obstruction. 

Vomiting , — Distention of the small bowel is accompanied by reverse 
peristalsis from time to time, and regurgitation into the stomach with 
vomiting occurs. In complete ileal obstructions of two to three days’ 
duration, the vomit us begins to assume a fecal character; the fecal 
vomiting appears later in partial obstructions, if it appears at all. 

X-ray Signs.— Although some of the distention is due to fluid in the 
gut, the greater part of it comes from swallowed air, as Wangensteen 
and Rea have shown in dogs. The presence of this gas within the bowel 
is not helpful in producing physical signs of obstruction, but because of 
it x-ray diagnosis is accurate in the majority of cases. Scout films of 
tiie abdomen reveal a ladderlike arrangement of gas-filled coils of the 
small intestine. In obstructions of several days’ duration, the ratio of 
fluid to gas increases, and upright films of the abdomen show definite 


treatment op SMALL bowel obstruction* 

T" DSE “ ' lT ™ Hospitals 

ARCNCE Dennk M.D., AM, SCHULLER P. BKOWN, >LD 
A I TWmnrr • / lf<ailcaI A * 00 ^ University of MinncsoU 

A *• ent of obstruct 

obtaining twenty years a-o mortalitj ' to a quarter of tin 

rate between IS and 20 per cent in tl oT°r ^ COmmands a morfaIit . 
Discussion of the imrL , f , fading surgical clinics (Table I) 

some discussion of the fletors invof ^ ° Cmared ^aerally m l uire: 
Anatomically speaking ih M .„ , , , 0 ved Jn smaU bowel obstruction 

the simple obstruction’ (that "T’ f , tW ° types ° f in testinal obstruction, 
content), ^ ^ ^ tbe passa » e of ^testiaal 

the flow of blood to or°f !? obstruction (that which prevents also 
either type may be mirti f° m the mvolved segment) . Obstructions of 
ference with flow or t0 ^ ° f ^ 

. MECHANISMS Off OBSTRUCTION 

they m™slen ! \?f. f Tldw,H bStrilCtl0n ’ “ the orde1 ' of f reqnency in which 
intussusception m **’• are as / oJIows : d> External hernia; ( 2 ) 

with (4) adhesions of theTowel to otyetT^ “ associatiou 

of kinlcs which render ti,„ i * • 01 structures witlz the formation 

of distent ?5? i T”; T 1 ' m0re “ «“ *8™ 

the majority „f “ S tyf b tyy obstruction, in 

cholecystenteric fistalte mi j ty =“ 1Js ' on ® ™.ehing the got by 

plasms. Hernias, adhesive bands ! . T i°‘ S1 ° U> and (9) nc °‘ 
vascular occlusion are prone to lead J ^ ^ ' 01 e ° UrSe ’ nlescntoric 
and fatal peritonitis if Z-Zvet LrlZ?'™ ° f tbe involwd bo "' el 

suseeption also leads frequently to „-, Tirr ../ 10 p U . 0t pvom P t - Intus- 
\ 4 -i * * ^ ot the mtussusccntnni hnf 

the ensheathmg intussuseipiens remains viable -,»ri a , P ' 

infection of the peritoneal space. dtk * VS or l Jrevc,lfs 

It is the obstructions due to adhesions of the intestine to other struc- 
tures m the abdomen winch are successfully treated bv conserw i t 
management alone. * u ' 

THE MANNER Or ONaET Of SV.Ml’TO.US XND SIGNS 
Pain o«d Cramps. The onset of obstruction is followed within » 
short t ime by accumulation of fluid, food, and gas above the she of 

•The researches presented here were- supported by .1 (,-rant of u„. , . 

of the University ot Minnesota and by a grant for t( chnlc 1 1 .iriri.ji Y u ‘.V 
Projects Administration. OUlci.il Project No. 161-1-71 -I n, Subproject v,, Work 

Received for public itlon. April 10. lstr. ' ' UJ 


DENNIS AND BROWN: TREATMENT OP SMALL BOWEL OBSTRUCTION 97 

thus altering the histology, impairing the viability of the gut, and open- 
ing a new avenue of absorption, namely, transperitoneal migration. That 
products of bacterial action may be the noxious substances so absorbed 
is indicated by the report by Poth and Knotts that the placing of 
sueeinyl sulfathiazole in closed loops prolongs survival of the animal 
500 per cent. Afferent nervous impulses have been considered lethal 
(Antoneie and Lawson) but this has not been corroborated as yet, 
although nausea and vomiting with secondary disturbances of chemical 
balance may be so produced (Burget and co-workers). 

In the ease of strangulating obstructions, death may be due to shock 
or to peritonitis. 

SUMMARY OP ESSENTIAL POINTS IN DIAGNOSIS OP SMALL BOWEL OBSTRUCTION 

The essentials of diagnosis of simple small bowel obstruction, there- 
fore, are : 

1. Crampy abdominal pain 

2. Vomiting, fecal if late 

3. More or less abdominal distention 

4. Minimal abdominal tenderness, localized 

5. Borborygnii with the peaks of tke cramps, and 
G. X-ray findings on flat plate of the abdomen 

Strangulating obstruction presents : 

1. Pain, usually erampy, often persisting between cramps (often in the back) 

2. Vomiting, fecal if late 

3. Distention 

4. Tenderness, usually over a considerable area 

5. Borborygnii, unless the ease is late enough for paresis of the gut to have 
occurred 

G. X-ray findings 

7. Spasm and rebound tenderness, and 
S. Shock (occasionally). 

TREATMENT OF SMALL BOWEL OBSTRUCTION 

The preceding discussion indicates that proper therapy should con- 
sist of (1) restoration of the patient's water and mineral balance and 
of his blood pressure to normal, (2) relief of distention (either by in- 
tubation of the small bowel or by removal of the obstructing mechanism), 
and (3) resection of such gangrenous bowel as may be present. At 
clinics such as the Massachusetts General Hospital, where two-thirds 
of the patients are admitted in the first forty-eight hours of the attack 
the emphasis has been laid on early operation before the onset of dis- 
tention (Melvittriek). 

Intubation . — At this hospital, on the other hand, enough of the pa- 
tients have arrived later than forty-eight hours after the onset of symp- 
toms to have drawn attention to alleviation of already present disten- 
tion as the primary problem. Wangensteen and Paine developed the 
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fluid levels in the distended loops of bowel. Furthermore, the degree of 
absence of gas visible in the colon is a good index of the completeness 
of obstruction, provided gas has not been injected with enemas. Al- 
though a barium meal outlines the obstructed bowel very beautifully, 
the barium sulfate is apt to cake and increase the completeness of ob- 
struction. It is therefore to be condemned. 

Shock . — In the case of unrelieved strangulating obstructions, gangrene 
of the bowel wall occurs, and peritonitis develops. Inasmuch as venous 
compression is greater than arterial, large enough quantities of blood 
may be lost into the lumen of the bowel and into the peritoneal space to 
cause eai’ly death from shock (Wangensteen). 

Back Pain . — In addition to the symptoms already outlined as charac- 
teristic of simple small bowel obstruction, patients with strangulating 
obstructions are apt to experience sudden onset of the attack with 
severe, frequently constant pain, often low in the back as well as in the 
abdomen. In our experience, the low back pain can be ascribed to ten- 
sion on the mesentery resulting from passage of gut into herniae, around 
adhesive bands, etc. 

Peritoneal Irritation . — The escape of bloody fluid or seepage from the 
gangrenous gut leads to marked tenderness in the abdomen, with muscle 
spasm and rebound tenderness. Elevation of temperature and leucocytic 
count follow in a few hours. 

Palpable Loops . — In certain cases the degree of obstruction is slight 
enough so that compensatory hypertrophy of the intestinal muscle above 
is adequate to prevent decompensation. Between these extremes are 
many patients with partial obstruction complete enough to give the 
symptoms already mentioned, but in whom sufficient hypertrophy occurs 
to permit visualization of the outlines of loops on the abdominal wall 
and palpation of them with the examining hand. This degree of hyper- 
trophy can develop in seven to ten days of chronic partial obstruction. 


CAUSES OF DEATH IN INTESTINAL OBSTRUCTION 

The cause of death in bowel obstruction has been extensively studied 
and is not settled. In high obstructions, sufficient water, acid, and 
chloride are lost to lead to death in short order from dehydration, hypo- 
chloremia, alkalosis, and uremia (Hartwell and Hoguet). With ob- 
structions at progressively lower levels, these changes become less evi- 
dent and in terminal ileal obstruction they are almost inconsequential. 
In these cases the deaths are due to one of two causes, either (1) pro- 
longed distention or (2) gangrene of the bowel wall, the presence or 
absence of "angrene depending upon whether a simple or a strangulat- 
i n cr obstruction is present. 

° mec lianism by which distention proves lethal is hotly debated. 

-*• . . i a sustained intraluminal pressure of 15 cm. of 

Sperling sl °" 0 £ injuring the bowel wall through vascular stasis, 
water is capa 



DEXXIS AXD BROWX: 


TREATMENT OF SMALL BOWEL OBSTRUCT] OX' 99 


In patients in whom a Miller- Abbott tube has been, passed into the 
lower reaches of the small bowel, feeding by mouth of a liquid 01 Ion 
residue diet is often feasible, even if the obstruction fads to relent. 
Such procedure greatly facilitates the metabolic preparation of the pa- 
tient for operation. 

Signs of Relenting of the Obstruction .— The appearance of gas in the 
colon, as recognized by x-ray scout film, or the passage of gas by rectum, 
indicates that the obstructive mechanism has relented. It is customary 
here to allow the tube to remain in place an additional day or two and 
to check the tolerance of the patient to cessation of suction for one-half 
day before withdrawal of the tube. 

Oxygen . — Pine and associates have demonstrated that respiration of 
high concentrations of oxygen aids in diminishing the gaseous disten- 
tion in eases of intestinal obstruction. The method has proved of aid 
in some cases here, but suction is a much more direct approach to the 
problem of distention, and oxygen is used only occasionally as an addi- 
tional measure in those cases in which suction alone has proved not 
quite adequate. 

RESULTS 

In the period from June 1, 1938, to April 1, 1942, 130 patients suf- 
fering from obstruction between the ligament of Treitz and the cecum 
were treated at the University of Minnesota Hospitals. The present 
detailed study is concerned with 110 of these patients, most of the re- 
mainder being patients in whom obstruction of the small intestine was 

Table I 


Moutautv Rates as the Result oi- Obstruction- of tue Small Intestine 


Lewis {Cook County) 

Rcldieke (Mayo Clinic) 

McKittrick and Sarris (Mass. Gen. Hospital) 
.Tolmston (Wayne and Detroit Receiving) 

Lcigli (College of Physicians and Surgeons, New 
York) 

Wangensteen, 1939 (Uuiv. of Minn. Hospital) 

21.7% 

17.S% 

20 . 0 % 

0.5% (excludes strangulation 
obstruction) 

13.2% (selected cases) 

1 L 0 % 

Table H 


Cases Excluded From the Present Study Because Obstruction was Only av 
Incident in Death From Other Cause 

<\U'SK OK HEATH 

number or CASES 

Carcinomatosis ~ f ~ 

Congenital anomalies in newborn infants 5 

Abdominal abscesses perforating the bowel 0 

Subphrenic abscess and sepsis from ruptured appendix 1 

Severe sepsis from ruptured appendix* p 

Tuberculous peritonitis p 

Riding embolus at bifurcation of aorta followed terminally 
bv mesenteric thrombo-is " ’ 1 

total 

is — — 

•This patient survived the obstruction, hut was 
plications of appendicitis at the time of this report. 

Still seriously ill from other corn- 
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siphon suction apparatus now in general use in this country, and have 
shown that constant suction on an inlying duodenal tube will decom- 
press cases of simple small bowel obstruction. More recently, Millet' 
and Abbott have perfected a twelve-foot double lumen tube tipped with 
a balloon which, can be inflated through one lumen to facilitate passage 
of the tube down the small intestine. 

Johnston, Abbott, and others have outlined many maneuvers which 
can be used to pass the tip of the Miller-Abbott tube into the duodenum. 
Abbott has recently reported the use of a style t of leader wire to stiffen 
the tube sufficiently to cause it to pass into the pylorus directly, the stom- 
ach being dilated with 500 to 600 e.e. of air. This procedure lias 
worked nicely in five of the seven eases in which we have tried it. 

Metabolism . — Hartwell and Hoguet, in 1912, called attention to the 
value of large amounts of normal salt solution in the treatment o£ high 
obstruction, and clinical applications were made by Ha den and Orr, and 
others. "With this impetus, efforts have been made to give an adequate 
calorie intake by the paraoral route, as outlined by Coder and Haddock. 
At this hospital, a calorie intake in excess of 1200 calories a day is ac- 
complished by the administration of 20 per cent dextrose solution not 
faster than 150 e.e. per hour. A proper level of plasma electrolytes and 
blood urea nitrogen is usually quickly attained by giving sufficient salt 
and water to permit excretion of a liter of urine and 2 to 5 Gm. of salt 
daily. The available vitamins are given parentorafij'. In patients un- 
able to take food by mouth over a considerable period, the use of amino 
add preparations and small amounts of human plasma, such as 100 c.e. 
daily, have become routine in an effort to maintain a normal nitrogen 
balance. Larger quantities are necessarily given if tile plasma protein 
level is found to be low. 

Operative Procedures . — Most important, the patient is watched closely 
at four- to six-hour intervals for evidences of peritoneal inflation or 
failure of decompression. Scout films of the abdomen are made from 
time to time. If a tube cannot be passed info the small bowel in forty- 
eight hours, and the obstruction persists with continuing distention, 
catheter enterostomy without exploration is the usual procedure. If 
passage of the tube is not followed by satisfactory decompression for 
anv reason, catheter enterostomy is also indicated. In patients in whom 
satisfactory decompression is not followed by relenting of the obstruc- 
tion exploration as an elective procedure is undertaken to restore in- 
testinal continuity. 

If sh'iis of peritoneal irritation appear, exploratory laparotomy is in 

•dev regardless of the degree of detention. In this type of patient, 

0t if "ent 'hemorrhage is likely to have eminvd to precipitate shock, and 
blood or plasma in d« a,lt ‘ , - v Mor ‘’ undertaking surgi- 

cal intervention. 
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Conservative Treatment of Simple Obstructions. — Table IV shows the 
cases treated only by conservative therapy in which no gangrenous 
bowel was present at any time. It is evident that this is a small-risk 
form of treatment if one can be reasonably assured that the obstruction 
is of a type which will relent. Some patients, ten in all, obtained relief 
and recovery with gastric suction alone. When the Wangensteen tube 
was used, success in intubation of the duodenum was achieved in thirteen 
out of twenty-nine attempts. Intubation was accomplished in a some- 
what greater proportion of trials with the ililler-Abbott tube. The 
Miller-Abbott tube is now used routinely on all cases of obstruction of 
the small intestine treated at this clinic. 

Operative Treatment of Simple Obstructions. — The second major 
group of patients consists of eases treated operatively who proved to 
have no gangrenous bowel present. Table V presents the data for this 
group. 

Table V 

Simple Shall Bowel Obstruction 
Operative Therapy 


Total cases 

62 

Total patients 

57 

Total deaths 

S 

Case mortality 

12.9% 

Patient mortality 

14.0% 


Among the operations performed, catheter enterostomy first draws 
attention, for it is the procedure adopted when conservative manage- 
ment fails. The procedure is done by an almost perfectly aseptic tech- 
nique, placing the catheter in an emptied segment of gut after the Witzel 


Table YI 


Simple Small Bowel Obstruction 
Catheter Enterostomy* 


Indications 

Failure to pass Wagensteen tube 
Failure to pass Miller-Abbott tube 
Failure to pass either tube 
Fear of strangulation 

Failure of Wangensteen tube to decompress 
Blind loop 

Failure of a previous enterostomy 
Function 
Good 
Poor 

Patient died too soon to estimate 
Mortality 

From enterostomy itself 

From other causes after successful e nterostomy 
Total cases ~ 

Total patients ~ ' 


0 

4 

3 

1 

1 

2 

1 

15 

0 

1 

21 

•1 

IS 

17 


•The total number of enterostomies performed la not indicate,! m HW rTT~~ 
some have becn^^®^vI«otBSl U^the time of resection^of^n^^us^f. 

lOne paUunpUletP of I't-rforaUnr/of the'lv'vel at operation. The , , , 

hlsh In tea S jAfd*t ula-a mi died of a rm^arca' thirty-els), t days after operation! ° ° PeJ a 
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a minor incident in death, from some other cause. These special causes 
of death are given in Table II. 

Inasmuch as the surgical treatment of obstruction is under consider- 
ation, two patients who died in the hospital early in the study period 
without having been seen by a surgical consultant are also excluded. 
One of these had a gallstone obstruction, the other an intussusception. 

The corrected figures are shown in Table III. These are limited to 
small bowel obstruction cases treated by the surgical service in the three 
years and ten months under consideration. The variance between the 
case mortalities indicates that a smaller percentage of repeated admis- 
sions has occurred for obstruction recurring after conservative therapy, 
the result of a somewhat more aggressive attitude in the general treat- 
ment of intestinal obstruction. 

Table III 

Small Bowel Obstruction 
(University of Minnesota Hospitals) 


JUNE 1, 1938, TO APRIL 1, 1942 


Total cases 

117 


Total patients 



Total deaths 

17 


Case mortality 

14.2% 


Patient mortality 

15.5% 


JUNE 1, 1931, TO JUNE 1, 1938 



Case mortality 

14.7% 


Patient mortality 

17.9% 



The cases have been broken down into groups for study. Inasmuch as 
the use of the term strangulation implies constriction of blood supply 
and not yet loss of viability, it is somewhat ambiguous from the point 
of view of prognosis. We, therefore, have divided the cases into those 
which proved to have gangrenous bowel present at the time of admission 
or later, and those which did not have gangrenous bowel present. A 
second division separates those treated entirely by conservative methods 
from those treated by any type of operative procedure. 


Table XV 

Simple Small Bowel Obstruction 
Conservative Therapy 



INTUBATIONS 

OP THE SMALL 

IIOWEL* 


type op tube 

INTUBATION 

not attempted 

SUCCESSFUL 

INTUBATION 

FAILURE IN 
INTUBATION 

FAILURE >OL- 
LOWER BY 
ENTEROSTOMY 

Wangensteen 

Miller- Abbott 

o 

0 

13 

11 

3 

*» 

0 

7 

— — “ ‘ Total cases 


32 



Total patients "I* 

Deaths 11 

— — . Mj.rk bcCvuHC of two In wh«»m failure m rurr* d with 

Ilsurs do not w j, 0 m *ucc«**a w.ut .ichkvo) with ih« \f ML r-Abbutt fuL**. 

the Wangensteen tube. 
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Operative Treatment for Patients With Gangrenous Bowel or Bowel 
of Doubtful Viability. —The final eases for presentation are those with 
gangrenous bowel or bowel of doubtful viability which were tieated 
operatively. These are presented in Table IX. 

Table IX 

Small Bowel Obstruction and Gangrene or Bowel 
Operative Treatment* 


Recoveries 

Resection of gangrenous bowel and primary anastomosis 10 

Exteriorization with delayed closure 2 

Inversion of small gangrenous area during liernioplasty 1 

Deaths 

Reduction of gangrenous intussusception 2 

Excision or exteriorization of gangrenous bowel in presence 


of gross pus or peritonitis 3 

Total cases 18 

Total patients IS 

Deaths 5 

Mortality 27.S% 


•Among the cases recovering are included three infants with gangrenous intus- 
susceptions. two ot which were resected with primary anastomoses, and one of which 
was exteriorized, secondary closure being accomplished at a later date. 


RESULTS IN THE RECENT PAST 

In the past two years, it appears to us that the management of ob- 
struction of the small intestine has improved materially at the Univer- 
sity Hospitals, due to a series of influences. Improvements in the main- 
tenance of metabolic balance by parenteral routes of administration seem 
to have played a part, and concentration of responsibility for the care 
of most of these patients in the hands of two persons (J. R. Paine and 
Dennis) has led to a more aggressive attitude with regard to surgical in- 
tervention. In the care of cases presenting gangrenous bowel, in pai-- 
ticular, this policy has been fruitful, no death resulting in the last thir- 
teen such cases. The use of the closed, aseptic anastomosis described by 
Dennis three years ago, and also of the local implantation of sulfon- 
amides, recommended by Varco and collaborators, has played a role in 
this improvement, and results will lie detailed elsewhere (Dennis, 1942). 

If the forty -six-month period under study is broken roughly into two 
divisions, considering the past two years separately from the preceding 
twenty-two months, the data of Table X arc obtained. 


Table X 


Mortality Rates for Three Consecutive Periods 


(At the University ov Minnesota Hostitals) 


isi.'U to loss 

(WANGENSTEEN 
ET \I.A 


•Jl'NE 1, 19SS, TO 
APRIL 1, 1010 


Numln'r ot 

im 

till 

Number of jiatients 

136 


Number of deaths 

2S 

11 

Mortality: 



Case (To) 

1 1.7 

IS 

Patient ( r /c) 

17.9 

19.S 


APRIL 1, 1910, TO 
APRIL 1, 1012 

07 

53 

0 

10.5.1 

11.32 
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Table VII 


Simple Small Bowel Cnssnwcnox 
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Success in dealing with cases with frank gangrene has encouraged us 
to be more aggressive in operating upon eases presenting only minimal 
evidences of peritoneal irritation. The excellent reeord of McKittiiek 
and Sams in operating upon early cases of small bowel obstruction as 
emergencies is also a strong factor favoring this procedure. We feel 
that it is only by an intelligent, combined use both of the improved 
methods of small intestinal intubation and of the newer surgical methods 
of coping with the problem that further reductions in mortality can be 
accomplished. 

conclusions 

1. Despite improvement in the past two decades, small bowel obstruc- 
tion still commands too high a mortality rate. 

2. Treatment consists of : 

a) proper water and salt administration 

b) decompression of the distended gut by nasal tube, or by catheter 
enterostomy, if the tube is inadequate 

e) parenteral administration of sugar, plasma, etc,, to give a com- 
plete metabolic balance 

d) resection of gangrenous bowel, if present, and 

e) late operative restoration of continuity of the bowel if the ob- 
struction fails to relent spontaneously 

3. Results of treatment of 110 patients with small bowel obstruction 

during the period from June 1, 1938, to April 1, 1942, are presented. 

4. Our treatment of this condition is apparently improving. 
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Tlie six deaths which have occurred in the past two years are worthy 
of note. Three patients died because of faulty surgery, such as acci- 
dental rupture of the bowel during an enterostomy, poor placement oi 
the catheter, and leaving defects in the abdomen through which internal 
herniations subsequently occurred. Two died from failure to recognize 
the presence of strangulating- obstructions as postoperative complications, 
one after ileosigmoidostomy with appendieostomy for multiple carcino- 
mas of the colon, and the other after amputation for diabetic gangrene. 
One died of adhesive peritonitis, despite repeated decompressions, follow- 
ing- decompression of an obstructed colon by colostomy. 

In the last year of the study period, twenty-seven patients have been 
treated with loss of but two, a mortality rate of 7.1 per cent. In this 
period there were five resections for gangrenous bowel. One of the 
deaths was due to failure to recognize obstruction at all and the other 
to adhesive peritonitis. 


RELATION OF AGE AND DURATION OF ILLNESS TO OUTCOME 

McKittrick is inclined to stress the importance of early treatment, and 
had no deaths in forty-three eases operated upon within twenty-four 
hours of the onset of the disease. Forty-four per cent of our cases 
arrived at the hospital in the first twenty-four hours of the illness; in 
this group the mortality was 7.S per cent. Seventeen per cent arrived 
in the second twenty-four hours and presented a mortality of 10 per cent. 
About 39 per cent arrived after forty-eight hours; in this group the 
mortality was 20 per cent. Early treatment, therefore, is of great im- 
portance whether the conservative or the operative approach is employed. 

McKittrick found that advanced age is a great hazard to the patient 
with small bowel obstruction. Our experience over the period under 
study shows a mortality rate of 13.2 per cent for those under 00 years 
of age, a rate of 30 per cent for those from 60 to 70 years old, and a 
rate of only 7.1 per cent for those over 70 years old. These figures 
imply that our series is too small for conclusions. 


COMMENT 

It at first appears that less emphasis is being placed upon conservative 
therapy at this clinic than was the ease at the time of the last report 
(Wangensteen, Ken, Smith, and Sehwyzer). The reason for this is 
hrmdv the success which has attended anastomosis in the presence of 
mirrors of obstruction and gangrenous bowel, when performed 
the closed technique. Inasmuch as the in fe.-, final bacterial count can 
t } UOC( t by oral administration of sueeinyl sullatiiiazob* preopera- 
• 'f- ' alterations of the lion (Toth), the ehm-d anastomosis with local 
tlVC - " •• zoic implantation finds its field of greatest Usefulness in em>r- 


(jcncij 


obstruction cases. 



PENETRATING GUNSHOT AND STAB WOUNDS OP THE 

ABDOMEN 

A Review of 336 Cases 

Joseph E. Hamilton - , M.D., and Ellis Duncan, M.D. 
Louisville, Ky. 

(From the Department of Surgery, University of Louisville School of Medicine, 
and the Louisville City Hospital) 

A N ANALYSIS of sixty-nine gunshot and stab wounds at the Louis- 
ville City Hospital was made by MeKeitben 1 in 1927. The present 
series covers the past ten and one-half years. One of us (J. E. H.) has 
personally supervised this branch of traumatic surgery since late 1938. 
During the period from January, 1930, to July, 1941, 227 patients with 
gunshot and 184 with stab wounds of the abdomen have been admitted 
to the hospital. Thirty-seven gunshot and thirty-eight stab wound cases 
have been discarded, leaving for the present study, 190 perforating gun- 
shot and 146 perforating stab wounds of the abdomen. 

The discards were made for the following reasons : Sixteen bullet and 
thirty stab wounds were found nonpenetrating upon exploration of the 
abdomen. All the patients with negative explorations recovered un- 
eventfully. Twelve patients with bullet wounds and five with knife 
wounds expired upon reaching the ward or within a few minutes there- 
after. It seemed reasonable to discard as moribund these patients 
dying in less than an hour of admission, since they were doomed regard- 
less of treatment. It is to be emphasized, however, that nine other cases 
(eight gunshot and one stab), although never coming to operation, were 
included in the present series. All but one of these patients were ad- 
mitted in the earlier years and all were vainly “treated for shock” for 
from one to six or eight hours until they finally died. Although not 
operative deaths, these cases were nonetheless surgical casualties, for 
no operative measures were taken to control the bleeding that was 
undoubtedly responsible for their collapse and death. 

A third group of discards consists of nine shotgun and three ice-pick 
wounds. We agree with Willis 2 that bird-shot wounds from a sufficient 
distance to show a definite shot pattern on t lie abdomen are best treated 
with conservatism unless continued bleeding is suspected. Surgical 
repair of the many tiny puncture wounds in the bowel which almost 
always seal themselves, has proved needless and futile. Shotgun wounds 
at close range are nearly uniformly fatal because of the terrible damage 
produced. Ice-pick punctures, uncomplicated by severe hemorrhage, 
are treated because of their smallness on the same expectant rationale 
as shotgun w muuls. Therefore, since in most of these eases it could not 
he proved whether or not perforation occurred, the whole group was 
excluded. The time patients with ice-piek wounds recovered. Three 

Uco-ivnI for publication, April 1 , 1812. 
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operative mortality for the 182 gunshot cases and 145 stab wound eases 
that came to surgery is 4S.9 per cent and 13.8 per cent respectively. 
These figures compare favorably with the average in the literature, 
which is about 57 per cent for bullet wounds and about 24 per cent 
for knife wounds. Fleming and McClainroch 31 report an operative 
mortality of 46.8 per cent for 111 perforating gunshot wounds of the 
abdomen. This is the lowest mortality we have found among larger 
series. 



Fig. 1 — Illustrating how a hemostat, inserted through the suspected stab or gun- 
shot wound, will Indent and localize the underlying peritoneum for inspection through 
the peritoneoscope. (Courtesy Am. J. Sure. 31: 668, 1911.) 


Table II 
Cause op Death 


CAl’SE OK HEATH 

cux j 

KNIFE 

NO. 

CASES 

MORTALITY 
(%) 1 

NO. 1 

CASES 

MORTALITY 

(%) 

Shock and hemorrhage* 

35 


1 BM | 


PeritonitNt 


1 



Pulmonary 





Other or not > crook'd 


kJP 




'Fatal shock not associated with considerable hemorrhage occurred only three times 
all gunshot. ' ’ 


tin a few of tlie.se cases pneumonia also was present. 

Cause of Death . — It will be seen from Table II that by far the great- 
est single cause of death among the gunshot cases is shock and hemor- 
rhage. with peritonitis loss than half as frequent. As might he ex- 
pected in stai) injuries associated with relatively little bleeding, perito- 
nitis from hollow viseus injury is the chief cause of death. Of the 
sixty-three eases of fatal shock (both gunshot and stall wound), all but 
three were accompanied by large hemorrhage. The preponderance of 
hemorrhage and shock in causing death is also pointed out by Fleming 
and Met’lamroch, 11 Loria, 15 Oberhelnian and LcCount, 17 Taylor, 13 and 
Wilson. 4 
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of the nine with shotgun injuries died. One of these, shot at close range, 
was moribund at entry. The other two, although showing a shot pattern, 
succumbed, apparently to hemorrhage and shock. These latter two 
probably should have been explored. 

DIAGNOSIS 

The presence of a gunshot or stab wound is obvious. The real diffi- 
culty that occasionally arises is whether or not the peritoneal cavity has 
been penetrated, for if it has, exploratory laparotomy is, with the excep- 
tions already noted , 3 obligatory . 4 ' 7 


Table I 

Incidence op Vomiting and of Significant Pain, Spasm, and Tenderness 



VOMITING 

PAIN 

SPASM 

| TENDERNESS 

Number of cases 

19 

24 

27 


Nonpenetrating 

10% 

62% 

22% 


Number of cases 

22 

36 

37 

■ 

Penetrating s injury 

~9% 

64% 

22% 

37% 

Number of cases 

72 

129 

171 

150 

Penetrating a injury 

46% 

82% 

6S% 

74% 


The unreliability of the history and physical findings in diagnosing 
penetration or visceral injury 7 ’ 8 - 0 is shown in Table I. It is surprising 
both that a greater percentage of the seriously wounded do not show 
significant symptoms and signs and also that these signs and symptoms 
are so frequently present in cases with no penetration of visceral trauma. 

Penetration is obvious when protruding omentum is found. Evis- 
ceration of omentum (or rarely bowel) occurred fifty-two times among 
the stab wounds, an incidence of 36 per cent, and only twice in all the 
gunshot cases. The passage of blood by mouth, rectum, or urethra 
points to injury of the stomach, lower bowel, or urinary tract. How- 
ever, it has been generally agreed heretofore that when the question oi 
penetration cannot be otherwise answered, surgical exploration is in- 
dicated. 0 ’ 7 ’ 10 ’ 11 


Since late 1938, we 12 have used peritoneoscopy in these doubtful cases 
to diagnose presence or absence of perforation (Fig. 1). We have em- 
ployed this procedure, so far, fifteen times and without error. Eight 
times peritoneal perforation was ruled out and laparotomy avoided and 
in the other seven eases perforation of parietal peritoneum was disclosed 
and surgical exploration definitely indicated. It will be recalled that 
forty-six cases (13.7 per cent) were excluded from the present series 
because of nonpenetration, the same proportion as found by Taylor," 
(13 S per cent). Peritoneoscopy could have given the same information 
in Hectically every ease and thus would have eliminated needless ex- 


plorations. 


MOUT.U.ITV AN \ TA SKS 


T ], c total mortality for tin, l!MI 3 ,i.,»l,..t i, 

tile Ut> stab tvoumli, 1U |*r emit nod. ...M 


~>l p it cent, for 
per cent. The 
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less, the rate increased consistently with the increasing duration of 
operation. The high mortality of the briefest-operation group of gun- 
shot wounds is largely attributable to hemorrhagic shock, which was 
responsible for death in 55 per cent of eases as against 48 per cent in 
the remaining time groups combined. Furthermore, 46 per cent of pa- 
tients whose surgery lasted an hour or less, died on the table, while only 
S per cent of those with more prolonged operation did so. 

The remarkably low mortality rate among stab wounds with operating 
time an hour or less is due to the fact that 69 per cent of them had no 
visceral injury. 

Table VI 

Operatixg Time op Fatal axd Xoxfatal Guxsuot Cases axd Operative 
Mortality ix Several Series'* 


AUTHOR 

xo, 

CASES 

AVERAGE OPE 

LIVED 

(MIX.) 

SATING TIME 

DIED 

(MIN.) 

OPERATIVE 

MORTALITY 

(%) 

Oberiielman ami LeCount' 7 



7(5 

61.4 

Taylor 7 3 



S5 


Prey ami Foster 7 " 


55 

70 


Hamilton and Duncan 


102 

112 



•Unfortunately these are the only series with figures adapted to this comparison. 


It has been urged by some 21 that great speed in operating is essential 
to save these patients. However, this is not borne out by Table VI. 
Rather, it seems that the rising mortality as the operating time increases 
is due, not to length of procedure per se, but to the increasing damage 
to be repaired. Furthermore, Rippy 15 - 22 points to the increased inci- 
dence of missed visceral perforations in too-hurried operations. Un- 
fortunately, only thirty autopsies were performed in this group, exclud- 
ing eases of death on the table and nonoperated eases. Overlooked hol- 
low visceral perforations were found nine times (30 per cent). This is 
below the average of the literature: 


Oherhelnian and LeCount 17 
McGowani!) 

Taylor 13 

Billings anil Walking*® 
RippyM 

Witon 0 


53.0% 

of 

109 

55.5% 

of 

27 

43 % 

of 

14 

39 % 

of 

49 

SO % 

of 

12 

50 % 

of 

20 


autopsies 

autopsies 

autopsies 

autopsies 

autopsies 

autopsies 


Sonic of these statistics, however, include injury to solid as well as to 
hollow viscera. 

Mortality lid tiled to Viscera Injured . — There is inevitably some over- 
lapping in Table VII. Thus, if jejunum and colon were both perforated, 
a single entry of the more serious injury, namely ox the colon, is made. 
Likewise, even though there may have been numerous bowel perfora- 
tions in a given ease, if death w ; ls obviously due to hemorrhage and 
shock, it is not recorded as bowel injury. If a solid and a hollo v." vise us 
were hot h injured and the patient died within the shock period (the 
first forty-eight hours) and obviously not from peritonitis or 
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Table III 


Effect of Age on Mortality 


AGE 

(YEARS) 

1 GUN 

i KNIFE 

NO. 

CASES 

MORTALITY 

(%) 

NO. 

CASES 

MORTALITY 

(%) 

(i to 20 

31 

45 

is 


21 to 40 

130 

47 

101 

— 

41 to 60* 

1 24 

75 

21 

— 


‘There were six patients over 60 years of age, one with fatal gunshot, two with 
fatal and three with nonfatal stab wounds. 


Effect of Age on Mortality . — It is noteworthy (Table III) that for 
the gunshot cases where hemorrhage plays a far greater role than in 
stab wounds, the big interval in mortality comes after the age of 40. 
This is in agreement with Hippy ’s 15 series and suggests that one of the 
reasons for the greater vulnerability of the older gunshot patients is 
that their arteriosclerosis prevents effective vasoconstriction, nature’s 
hemostat. Allen and Benedict 20 explain similarly the greater hazard of 
bleeding duodenal ulcer in patients 50 yearn of age or over. 


Table IV 


Effect Upon Mortality of Time Interval From Injury to Operation 


TIME INTERVAL 

j GUN 

| KNIFE 

NO. 

CASES 

MORTALITY 

(%) 

NO. 

CASES 

MORTALITY 

(%) 

2 hours or less 

24 

37.5 

17 1 


2 to 4 hours 

ST 

51.7 

62 | 

11.2 

Over 4 hours 1 

34 

50 

31 1 

lli.l 


Interval Between Injury and Operation . — Table IV reveals a con- 
sistent increase in stab-wound mortality as the time lengthens between 
injury and operation. This is to be expected since the chief cause ot 
death in patients with stab wounds is peritonitis. The slight decline in 
mortality when gunshot wounds are over four hours ohl is undoubtedly 
due to the fact that hemorrhage, the largest cause of death, will have 
eliminated previously the worst-risk eases. The chief danger remain- 
ing for those with delayed operation will be peritonitis and pneumonia 
{See Table II again 1. 

Table V 


Effect on Mortality of Duration of Operation 


OPERATING TIME 

1 GUN 

KN 

on; 

" 

NO. 

MORTALITY 

NO. 

MORTALITY 

HOCUS 

TASKS 

< r /c) 

OA.HKS 

ftn 

— — — — 

JO 

55 

l-» 

i fy 

1 or less 

I!) 


51 

' 1 1 

1 to He 

51 

it 

JO 

12 

U,-i to 2 

30 


1 1 

[i 

2 to 2 1 A 

Over 2 

.»•> 

7o ! 

u 

ii 


Dm 

aside 


■ation of O in rat ion. -An 
from the high mortality 


the ease of tile bullet wound, (Table V ,. 
where operating time was one hour or 
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was also significant injury above the diaphragm (modei'ate to se\ere 
hemothorax, pneumothorax and/or pulmonary damage) is 60.8 per c-ent 
for gunshot and stab wounds together, as against 31.9 per cent, where 
the injury was entirely abdominal. Wilson 6 also records similar find- 
ings: 7615 per cent mortality, chest and abdomen; 47.0 per cent ab- 
domen alone. 

Of the twenty-one fatal eases with significant thoracic injury, this 
injury was probably the chief lethal factor eleven times. Therapeutic 
interference, such as thoracentesis, was recorded in only three of these 
eleven eases, although such interference might have materially im- 
proved the critical condition of seven of the remaining eight patients. 
Of the twenty-one fatal eases, thoracentesis with or without reinfusion 
of hemothorax blood was performed in only seven cases (33 per cent), 
whereas this procedure was carried out in eight of the thirteen surviv- 
ing eases (62 per cent). In one of the surviving cases, 500 e.c. of blood 
were aspirated and returned to the patient. In one of the fatal eases, 
practically moribund at the time, 2000 c.c. of blood were removed in a 
single aspiration from the right pleural space and returned by auto- 
transfusion. This greatly improved the patient’s blood pressure and 
general condition. He grew gradually weaker in spite of repeated 
thoracenteses and transfusions of bank blood and died the third hos- 
pital day. Too late, it was realized that his decline had probably been 
produced by continued active bleeding from a lacerated liver and 
might have been corrected by timely laparotomy. Unfortunately, an 
autopsy was not obtained. 

Too often, preoccupation with the abdominal injuries overshadows 
serious and often ameliorable damage above the diaphragm. Occa- 
sionally, an initial negative chest examination or x-ray film will lull 
suspicions, only to have the autopsy reveal massive hemothorax or 
pneumothorax, or both. 


Table VIII 

Effect of Hemoiuuiage ox Moktai.ity 


HKMOHKHAGE 

! r>rN 1 

knife 

NO, 

CASES 

MCWTAUTY 

< C /c) 

xo. 

CASES 

MORTALITY 

(%) 

Small 

7[) 

27. S, 

107 

9.3 

Moilium 

:m 

51.3 

14 

14.3 

Enrge 

! f.j 

/ -J.4 

IS 



Kffcct of Blood Loss on Morlulihi . — Table VIII shows a striking and 
consistent increase in mortality with increasin'.: hcmorriiaire. Blood loss 
reported in this paper is graded in the customary fashion: 52 Small, 
500 e.c. or less: moderate, 500 e.c. to 1000 c.c.; large, 1000 c.c. or over! 
The tremendous inlluenee of hemorrhage upon mortality in these per- 
forating abdominal injuries is generally recognized (Billings and 
Walking, 16 Loria, 2 ' Mason, 25 Hippy.'* an d Taylor’ 2 ). 
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Table YII 


Mortality of Yariods Visceral Injuries 


VISCERA INJURED 

NO. 

CASES 

TOTAL 

MORTALITY 

(%) 

.MORTALITY BY BLOOD 
LOSS (%) 

SMALL 

1 LARGE 

Stomach and duodenum 

2(i 

MKEViflHi 

o 

■HH 

Jejunum 

17 

12.5 

14.3 

Hi 

Ileum (including 5 unlocalized 

21 


7.1 


small bowel injuries) 





Ileum and colon 

13 

23.0 

10.0 

00.(5 

Colon 

40 


47.0 

50.0 

Solid viscera 

04 

30.0 

0 

51.1 

Great vessel 

13 

100.0 



Abdomen and chest 

34 



— 

Abdomen and urinary bladder 

11 

30.4 


-- 

Abdomen and pancreas 

7 

71.3 

— 

— 


death is attributed to the solid, viseus injury alone. Conversely, if the 
death had been from peritonitis, it would he credited to the bowel injury. 

The influence of large hemorrhage toward a lethal outcome in the 
various visceral injuries is striking. The only exception is presented 
by the jejunal perforations. The two fatalities in tin's group were asso- 
ciated with negligible blood loss. 

Perforation of stomach and duodenum carries a rather high mor- 
tality because of the relatively large associated blood loss, the difficulty 
of exposure, and the frequency (73 per cent) of significant associated 
thoracic injuries. 

There is, as we might expect, a progressive increase in mortality 
from peritonitis as the level of bowel perforation descends from jejunum 
to colon. 

The apparently high mortality of associated urinary bladder perfora- 
tion is deceiving, since in each of the four fatal cases the bladder injury 
was merely incidental in a general picture of hemorrhage and shock 
terminating on the operating table or within twenty-four hours. 

The seven instances of pancreatic injury were associated with other 
more serious trauma. Four of the five fatal cases died within twenty- 
four hours, of obvious hemorrhagic shock. In the one autopsied case 
there was fat necrosis within the lesser sac, but apparently this did not 
contribute significantly to tin* fatality. The fifth patient died on the 
fourth day of lobar pneumonia. These findings do not corroborate the 
disastrous enzymatic digestion that Kisherg® - * holds will follow pan- 
creatic injury. 

The uniformly fatal outcome of all great vessel injuries is likewise 
reported by Loria. 1 " By great vessel, we refer to femoral artery or 
vein iliac artery or vein, cava or aorta. 


The gravity of coincidental abdominal and chest injtiri. 


in these eases are 


is not gen- 
in striking contrast 


erallv realized. The patients .... 

* . ulmittcd to our service with pcrioraling injury or chest alone, 

t0 . ' ()t - ..vlioia recover on a conservative regime. As can he 

piactiea } * niortaiitv of the thirty-four cases in which there 

seen in fable » a < 









HAMILTON' AND DUNCAN*. WOUNDS OF ABDOMEN' 


115 


POSTOPERATIVE EVISCERATION 

The incidence of wound disruption in this series is 5.6 per cent, which 
is extremely high. Bowen 1 ' and Meleney 23 place the occurrence of this 
complication at between 0.5 and 1.0 per cent of laparotomies in gen- 
eral. Taylor” reports an incidence of 3 per cent among his 101 cases 
of perforating abdominal gunshot wounds. Fortunately, the mortality 
of the present group, 26.3 per cent, is somewhat less than the average 
in the literature, namely about 30 per cent. 

All but four of our nineteen eviseerations occurred between the sixth 
and tenth days ; the shortest interval was three days, the longest nine- 
teen. Although dietary data on these patients are not available, they 
are, as a rule, vigorous, well developed and well nourished and one 
would be less inclined to suspect them of vitamin deficiency or hypo- 
protenemia than the average ward patient undergoing laparotomy and 
in whom the incidence of evisceration is much lower. Massive hemor- 
rhage might reasonably be expected to produce in the survivor severe 
hypoprotenemia. Yet in only one instance did evisceration follow 
severe hemorrhage, and only twice did it follow moderate hemorrhage. 
In the other sixteen cases the blood loss was trivial. 

Of the nineteen disrupted wounds, seven were infected. Stay sutures 
were used in ten (no statement as to stays in five) and only one was 
drained. Suture material in the majority was chromic catgut, silk was 
used twice, and throngh-and-through “Kaldcrmic” sutures were used 
once. 

The rectus incision was used in the combined gunshot and stab wound 
series 2S9 times with a 4.5 per cent incidence of dehiscence as against 
10.6 per cent for the transverse incision, which was used eighteen times. 
This disparity of incidence is maintained if we consider only those 
cases from 1938, when we began to use the transverse incision, through 
1941. During this time there have been fifty-nine rectus incisions with 
3.4 per cent of eviseerations, as compared to twenty-six transverse in- 
cisions with 15.4 per cent of eviseerations. 

Why the incidence of wound disruptions is so high among these cases 
and especially so among those explored through a transverse incision is 
an unsolved problem. Perhaps part of the answer is mechanical stress 
ami strain. Many of tiie.se patients arc intoxicated and uncooperative, 
often kept in bed only by dint of restraints, 

treatment 

Time of Operation . — Ait are agreed that tiny abdominal injury proved 
to he penetrating, with the exception of bird-shot or ice-pick wounds, 
should he explored promptly, but opinion is divided as to the advisabil- 
ity of delaying operation to treat shock. Meyer and Shapiro, 3 Wilson® 
Store!;, 4 Billings and Walking. 1 ® Lorin,=‘ and Hippy A"'- advise against 
operating, if possible unfit the shocked patient's blood pressure has 
risen above the critical level. Fleming and Mct'lamroeh 1 * and Van 
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We are becoming increasingly convinced that for all practical pur- 
poses in perforatin': abdominal injury, hemorrhage and shock are 
synonymous. It will be observed in Table IX that only three patients 
whose systolic pressure upon entry was SO mm. mercury or less had 
sustained severe trauma* alone. Furthermore, in two of these three 
instances, shock was explainable by the disturbed physiology of severe 
coincidental chest injury. Large hemorrhage with negligible trauma 
was responsible for collapse eighteen times, while large hemorrhage, to- 
gether with severe trauma, were responsible sixteen times. 

In eleven penetrating abdominal wounds and in three impenetrat- 
ing stab wounds, shock was associated with neither appreciable hemor- 
rhage nor trauma and must therefore be explained on a primary or 
neurogenie basis. The average pulse x-ate (S-5 per minute) of patients 
in primary shock, although varying widely, ranged 17 beats per minute 
less than that of patients in secondary or sm-gical shock. 

In short, not only does hemorrhage play the chief role in mortality 
(see again. Tables II, YU, and Till), but it seems to he the one essen- 
tial cause of secondary shock. Iveckviek and colleagues in their 
malvsis of traumatic shock in British soldiers, express the belief that 
circulatory collapse in these cases (chiefly wounds of the extremities) 
is explainable entirely by the loss of blood and plasma into the dam- 
. a This i s even more true of these abdominal injuries where 
bl^cUn 0, into the peritoneal cavity is far more free and unlimited. 
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Furthermore, we feel that blood or plasma should not be withheld 
preoperatively on the grounds that by raising the patient’s pressure it 
will promote further bleeding. Analysis of the effectiveness of trans- 
fusions among our eases is misleading. Of the seriously injured pa- 
tients, the group that died averaged / 25 e.e. blood per patient, while 
those that lived received 600 e.e. each. Obviously, however, the most 
desperately wounded died in spite of the larger amount of blood re- 
ceived. Hippy 15 gives the mortality of his large hemorrhage group 
receiving transfusions as 74.4 per cent, as against 90.7 per cent for 
those not transfused. 

Autotransfusion, however, has offered brilliant possibilities since 1935, 
when our surgical service adopted the policy of returning to the seri- 
ously injured patient all free peritoneal blood, contaminated by bowel 
contents or otherwise, that was not over six horn’s old. The rationale 
of this has two simple bases, first the saying familiar to all, “You can’t 
infect the blood stream” and second, “Save this patient now and worry 
about possible infection later.” It is surprising that this practice was 
not adopted years ago. Meyer and Shapiro, 3 Storck, 9 Billings and 
Walking, 10 Mason, 31 and others recommend auto transfusion only if it 
is certain that there is no bowel injury. Trimble 33 considers liver injury 
a contraindication of the procedure, on the basis of possible toxic auto- 
lysates. Van Sehaick 33 strongly advocates autotransfusion and reports 
returning 450 c.c. of blood to a woman with a gunshot perforation of the 
stomach. This is the only instance we are familiar with in which con- 
taminated blood has been reinfused into the patient. 

In an analysis of all autotransfusions given at the Louisville City 
Hospital, inclusive of those for abdominal injuries, Griswold and 
Ortner 33 found but one instance in which autotransfusion of contami- 
nated blood appeared responsible for death. In this patient, who had 
received numerous gunshot perforations of the bowel, autopsy revealed 
multiple small pulmonary emboli. Due to a technical error the rein- 
fused blood on this occasion had been imperfectly fiitei’ed. The great 
majority of autotransfused patients show little if any deviation from 
the expected postoperative course. 

The technique of autotransfusion is simple 33 ; The free blood is as- 
pirated into a citrate-containing trap bottle. This eitrated blood is 
poured through ten thicknesses of gauze into an intravenous outfit for 
retransl’usion. 

Tabus XI 
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compensate tor what is meanwhile pouring out into the abdomen through 
torn vessels. 


However, teamwork is important: antishoek measures, such as the 
rapid administration of blood and plasma 3 ' 1 from the blood hank should 
not wait upon surgery, hut should proceed with it. Tims, by the time 
the peritoneum is opened a pint of plasma should be well on its way 
into thi! vein. 
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The outcome of patients on whom operation was begun while their 
systolic pressure was SO or under (Table X), seems to justify imme- 
diate surgery in these patients in whom shock is present. Of the forty 
eases with available data, only thirteen failed to recover from hypo- 
tension in the course of the operation. Furthermore, none of the twelve 
patients in apparent primary or neurogenic collapse (recorded in Table 
X as having '‘neither” severe hemorrhage nor severe trauma) failed to 
come out of that state during the course of the operation. In this pri- 
mary shock group, the two deaths, due to bronchopneumonia, could 
scarcely be ascribed to their having undergone operation while still in 
collapse, especially as they recovered from it during the procedure. 
We believe it a fallacy, then, to delay operation for the treatment of 
secondary shock when operation is the one way of controlling hemor- 
rhage, its cause. On the other hand, operation, gently performed and 
with intravenous fluids running, will not appreciably aggravate benign 
or neurogenic shock. 

Transfusion and Autotransfusion. — The value of transfusion in these 
cases no longer needs emphasis. Patients in shock or in whom active 
H ecliii"- is likely, should from the start receive infusions of plasma or 
}] d in so far as it is available in preference to saline and glucose 
bl °° , ■ „ 0 the depleted circulation may be dangerously diluted and 

further plasma proteins lost by too liberal use of the latter (Minot 

and Blalock 30 )- 
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Furthermore, we feel that blood or plasma should not be withheld 
preoperativelr on the grounds that l).v raising the patient s pressure ,t 
wiU promote further bleeding. Analysis of the effectiveness or trans- 
fusions among our eases is misleading. Of the seriously injured pa- 
tients, the group that died averaged l2o c.c. blood per patient, 
those that lived received 600 c.c. each. Obviously, however, the most 
desperately wounded died in spite of the larger amount of blood re- 
ceived. Rippy 13 gives the mortality of his large hemorrhage group 
receiving transfusions as 74.4 per cent, as against 90.7 per cent for 

those not transfused. . . 

Autotransfusion, however, has offered brilliant possibilities since 19do, 
when our surgical service adopted the policy of returning to the seri- 
ously injured patient all free peritoneal blood, contaminated by bowel 
contents or otherwise, that was not over six hours old. The rationale 
of this has two simple bases, first the saying familiar to all, “Ton can t 
infect the blood stream” and second, “Save this patient now and worry 
about possible infection later.” It is surprising that this practice was 
not adopted years ago. Meyer and Shapiro, 3 Storek, 0 Billings and 
Walking, 10 Mason, 31 and others recommend auto transfusion only if it 
is certain that there is no bowel injury. Trimble 3 " considers liver injui} 
a contraindication of the procedure, on the basis of possible toxic auto- 
lysates. Van Schaick 59 strongly advocates autotransfusion and reports 
returning 450 c.c. of blood to a woman with a gunshot perforation of the 
stomach. This is the only instance we are familiar with in which con- 
taminated blood has been reinfused into the patient. 


In an analysis of all autotransfusions given at the Louisville City 
Hospital, inclusive of those for abdominal injuries, Griswold and 
Ortncr 33 found but one instance in which autotransfusion of contami- 
nated blood appeared responsible for death. In this patient, who had 
received numerous gunshot perforations of the bowel, autopsy revealed 
multiple small pulmonary emboli. Due to a technical error the rein- 
fused blood on this occasion had been imperfectly filtered. The great 
majority of autotrunsfused patients show little if any deviation from 
the expected postoperative course. 

The technique of autotransfusion is simple 33 : The free blood is as- 
pirated into a eitrate-eontainimr trap bottle. This eitrated blood is 
poured through ten thicknesses of maize into an intravenous outfit for 
retrains? usion. 
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Iht* thirty-two mitotransfiiMoiis given in tlii.s series arc set forth in 
1 alilo XI. In all but three of tin* lata! eases death was obviously due 
to shock ami hemorrhage ami oeetirred either on tin* operating table or 
within twenty-tour hours. The following cases with entirely .successful 
outcome illustrate what a lifesaving reservoir contaminated intra- 
|n:ritoiical blooil may be: 

KareraliunH <»i Farr jiulof riin.-'Ui'wiI 2000 r.i\ 

J<a(*crutiniH of stoMiarh an»t !m»r autntniiK-fMoni MiO r.c. 

I loam ])«*rloratt^l l finii*-* :m f of r:t n ^ l u i 1~M <\r. 

IK'Um perforate*, I !2 Him-’* nutotnuM'ii.-Mi 1200 r.r. 


We urge that this relatively safe ami immediately available source of 
blood be no longer withheld from critically wounded and exsanguinated 
patients. To In* sure, autotransfusion will not be a necessity where gal- 
lons of plasma and blood are available, hut how often is this the case 
either in civil practice or among war casualties/ 

Auxiliary Prun'd art s . — The x-ray and lluoroseope play an important 
diagnostic role, ft the path of a bullet with entry wound only is in 
doubt, the slug can he localized roentgenologically as the patient is on 
route to the operating room. The progress of concomitant thoracic in- 
jury should he studied by an initial film and later, if necessary, h.v 
repeated bedside plates. 

Oxygen 31 is administered to patients in shock, either by intrannsal 
catheter or by tent, to combat anoxemia. 

Wangensteen suction for decompression of the upper gastrointestinal 
tract lias become a routine for all patients with injury to stomach or 
bowel. The Jliller-Ahbott tube is used in case of distention or ileus. 

In all eases of peritoneal soiling 10 Gin. of sulfanilamide powder arc 
placed in the abdominal cavity and another 3 to 5 Gin. in the operative 
incision. More recently, trial is also being made of sulfathiazole and 
sulfadiazine. 

Adrenal cortical extract 35 is probably of some value in combating 
shock. The synthetic cortical extract dcsoxycorticosterone acetate 10 since 
it requires at least six hours to reach its maximal efficiency is of less 
value in established shock. Our experience with this sterone preopera- 
tively in about fifty major operations has shown no striking prophy- 
laxis against abnormal hypotension and tachycardia when compared to 
an equal number of control eases. However, our final analysis of this 
study has not been completed. 

Anesthesia. — Local anesthesia should not be used in these eases. It IS 


time consuming and must be supplemented in nearly all instances, since 
adequate exposure and free manipulation of viscera is essential. In 
the present series spinal anesthesia was employed 165 times with a mor- 
tality of 25 per cent and general anesthesia, 151 times, with a mortality 
of 43 per cent. Since general anesthesia was reserved for the low blood 
■ ssure <n*oup, which was also the more gravely wounded, this disparity 
? - a tli°rates is not surprising. We feel that the greater relaxation 

111 8 d by' spinal anesthesia more than compensates for its theoretical 

secuie ) i f] )a t it stimulates peristalsis and thereby allows 

disadvantage, namex> 
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fecal spillage. It is therefore the anesthetic of choice unless contra- 
indicated by low blood pressure. 

Technical Details . — Thorough discussions of operative principles and 
details have been presented by Meyer and Shapiro, 3 Storek, 9 and other's. 
Only a few points will be emphasized here. 

Abdominothoracic injuries have already been discussed. To avoid 
overlooking serious intrathoracie injury, repeated portable plates and 
exploratory thoracenteses should be done in such patients growing worse 
out of proportion to their abdominal injuries. Aspirated blood not over 
six to eight hours old should be reinfused into the patient. Tension 
pneumothorax requires catheter drainage and water trap. If active 
bleeding continues or the pneumothorax cannot be controlled, thoracot- 
omy should be eonsidei'ed. An initial transthoracic approach is recom- 
mended by Gordon-Taylor 37 where the path of bullet or shi'apnel crosses 
the upper abdomen and diapln-agm, especially on the left side, a zone 
which he terms “that fatal left suhphreriie area of the abdomen.” We 
have had no experience with this approach but it might prove valuable 
when significant chest injury as well as upper abdominal injury is sus- 
pected at the outset. After the chest lesions are dealt with, the left 
tipper abdomen ean be readily explored through the diaphragm. 

Abdominal injuries should be approached through an unusually long 
incision that will allow maximal exposure. We are employing with in- 
creasing frequency, the transverse rectus-dividing incision as described 
bv Gurd M because its better exposure more than compensates for the 
high incidence of evisceration. This latter disadvantage we hope to 
overcome by closing with through-and-through “Ivalderinic” or braided 
silk sutures. 

Hemorrhage is to be controlled first and thereafter bowel perfora- 
tions sutured. Location of bleeders and visceral injuries will be greatly 
simplified by following the estimated track of the bullet or knife from 
the entry point in the peritoneum. 

It will be found helpful in dealing with active hemorrhage, to apply 
temporary digital pressure proximally, i.e., compression of the hepatic 
artery for bleeding from the liver, of the mesenteric or lienal arteries 
for bleeding from mesentery or spleen, etc. 

In the routine examination of the intestine, time and needless manipu- 
lation will be avoided by placing a Babcock forceps on the bowel for a 
marker and “reading'' in both directions. Evisceration of more than 
one loop of bowel at a time during inspection is to be avoided if pos- 
sible, because of the chilling effect and the drag on the mesentery. A 
thorough exploration of stomach and bowd is well worth the time spent 
as it will be recalled that in from 30 to f>0 per cent of autopsies, over- 
looked visceral perforations are found. 

If the posterior of two gastric perforations cannot be brought into 
view through the gastroeolie or gastrohepntic omenta, free enlargement 
of the anterior perforation will allmv satisfactory trausgastrie exposure 
and repair (Prey and Foster- 1 ). 
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I’iio tlurly-two aulotraiisfu.xioiis given in thin series an; set forth in 
table XI. In all blit three of tin* fatal eases death was obviously due 
to shock and hemorrhage and occurred either on the operating table or 
within twenty-tour hours. The following cases with entirely .sucee.vuul 
outcome illustrate what a lifesaving reservoir eontaiainated intra- 
peritoneal blood may he: 
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We urge that this relatively safe and immediately available source of 
blood he no longer withheld from critically wounded and exsanguinated 
patients. To he sure, antotransfusion will not he a necessity where gal- 
lons of plasma and blood are available, hut how often is this the ease 
either in civil practice or among war casualties? 

Auxiliary 1‘roci thins . — The x-ray and f I Horoscope play an important 
diagnostic role. If the path of a bullet with entry wound only is in 
doubt, the slug can he localized rocntgenologicaily as the patient is en 
route to the operating room. The progress of concomitant thoracic in- 
jury should he studied by an initial film and later, if necessary, by 
repeated bedside plates. 

Oxygen 31 is administered to patients in shock, either by intrawisal 
catheter or by tent, to combat anoxemia. 

Wangensteen suction for decompression of the upper gastrointestinal 
tract has become a routine for all patients with injury to stomach or 
bowel. The Miller-Abbotl tube is used in ease of distention or ileus. 

In all eases of peritoneal soiling 10 Om. of sulfanilamide powder are 
placed in tiie abdominal cavity and another 3 to 5 Qm. in the operative 
incision. More recently, trial is also being made of sulfathiazole and 
sulfadiazine. 

Adrenal cortical extract 33 is probably of some value in combating 
shock. The synthetic cortical extract desoxycorticosterone acetate 30 since 
it requires at least six hours to reach its maximal efficiency is of less 
value in established shock. Our experience with this sterone preopera- 
tively in about fifty- major operations has shown no striking prophy- 
laxis against abnormal hypotension and tachycardia when compared to 
an equal number of control cases. However, our final analysis of Ibis 
study has not been completed. 

Anesthesia. — Local anesthesia should not be used in these cases. It is 
time consuming and must be supplemented in nearly all instances, since 
adequate exposure and free manipulation of viscera is essential. In 
the present series spinal anesthesia was employed 165 times with a mor- 
tality of 25 per cent and general anesthesia, 151 times, with a mortality 
of 43 per cent. Since general anesthesia was reserved for the low blood 
re o-roup, which was also the more gravely wounded, this disparity 
? , °rates is not surprising. We feel that the greater relaxation 
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liio kidney region is quickly and easily exposed by incising the 
avascular lateral colic relied ion of peritoneum and reflecting colon and 
its mesentery mesially. 

We agree with *Storek" that enterostomy proximal to sutured perfora- 
tions or anastomosis is futile. Satisfactory bowel decompression can be 
obtained with Wangensteen suction or Miller-Abbott tube. 

Abdominal drainage is in most eases useless. However, the kidney 
tossa and retroperitoneal tissues, if soiled with lower bowel contents, 
should be drained through a stab wound in the flank. A drain should 
also he placed if there has been wounding of pancreas or biliary tract, to 
provide escape for possible leakage of pancreatic juice or bile. 


•SUMMARY 

1. One hundred ninety perforating gunshot and 14G perforating stab 
wounds of the abdomen have been reviewed. 

2. The mortality for the entire series is 51 per cent for the bullet 
wounds and 14.1 per cent for the stab wounds. The operative mortality 
is 4S.!) and 13.8 per cent respectively. 

3. These observations and analyses arc made: 

a. Incidence of vomiting, pain, spasm, and tenderness in non- 
penetrating as against penetrating injury. 

b. The chief causes of death. 

c. The effect on mortality of age, time from injury to opera- 
tion, duration of operation, and amount of blood lost. 

d. The various visceral injuries and their mortality. 

e. The cause of shock in perforating abdominal injuries. 
(Primary and secondary shock are differentiated.) 

f. The outcome of patients operated upon while still in shock. 

g. Postoperative eviscerations. 

4. The following points are particularly emphasized: 

a. Tlie value of peritoneoscopy in diagnosing peritoneal per- 
foration in doubtful cases. 

b. Hemorrhage is synonymous with shock in perforating ab- 
dominal trauma and therefore operation to control hemorrhage 
brooks no delay. 

c. Abdominothoracic injury is more serious than generally 
realized and ameliorable chest injuries are too frequently over- 
looked or inadequately treated. 

d. Autotransfusion, regardless of blood contamination, is 
urged for all seriously injured patients operated upon within 

six hours. . 

5 Treatment is outlined and a few technical details are discussed. 
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the lumen was almost completely occluded. There was a regional lympli node 
hyperplasia and the adjacent mesentery showed small areas of fresh granulation 
tissue. No other abnormalities were noted. The appendix was removed and both 
incisions were closed m layers. 

Culture of the peritoneal fluid was sterile. Culture of feces following the 
operation revealed normal intestinal flora. The pathologist’s report of the appendix 
was "no abnormality." 

The postoperative course was nuhl On the fifth day the temperature became 
normal and the patient was given a soft diet. He was discharged symptom free 
on the fourteenth postoperative day. 

This patient has been ■-een on numerous occasions since operation and at no 
tune has he complained of abdominal discomfort of any' kind. An x ray of his 
abdomen following barium enema m July, 1941, showed the ileocecal valve to be 
fully patent and the terminal ileum to be well filled. There was no "string sign." 
This latest checkup was six years and two months after operation. The patient 
is now considered to be cured. 

C\se 2 (Roper Hospital No 104297). — A 39 year old colored male, a farm- 
hand, was admitted to the hospital May 26, 1939, complaining of intermittent 
left lower quadrant pain of three days’ duration. The onset was extremely sudden 
and the pam of a. sharp lancinating nature. Prior to the onset of symptoms, 
constipation was present and only one bowel movement occurred in five days. 
The patient took castor oil about three hours following onset of acute seizure 
and promptly vomited. He continued to vomit for twenty four hours, then suddenly 
stopped, at wluth tune a diarrbe i appeared and persisted until admission to the 
hospital. Meanwhile, the left lower quadrant pam persisted without radiation. 
There were no urinary, cardiovascular, or respiratory disturbances Past history 
was irrelevant extept for frequent headaches and intermittent nocturia and 
frequency, thought to be the result of numerous gononheal infections. Examina- 
tion on admission showed a well nourished negro male to be acutely' ill and 
writhing m pain Blood pressure was 109/09, temperature, 98° F, and puhe 100 per 
minute. The abdomen was not distended and moved freely with respiration. 
Palpation caused exquisite pam over the entire left portion of the abdomen, most 
m irked about I 1 , inches below and to the left of the umbilicus. There were no 
mas«es Peristalsis w is not audible and rectal examin ition contributed nothing of 
ill ignostic value. The leucocyte count was 10,100 with 85 per cent poly 
morphouuele irs Urinalysis showed nothing abnormal. No specific diagnosis was 
mule, but exploratory lajnrotomy was thought adwsible. 

Opt >ation — The abdomen was opened through a left midrectus incision, using 
spin d anesthesn There was no apprecnble increase in free peritoneal flunk The 
proximal four inches oi the sigmoid were heavily thickened and indurated and there 
w is i diffuse visuilir engorgement or the soros.i Numerous org mi/.mg adhesions 
pi i stored the sigmoid < olon agimst its me-entery. No evidence of diverticulitis 
was found Region d lymph node oil irgi inent was noted. The appendix and re 
mauulir of the alimentary c mat were normal Release of the sigmoid hv f reelin' 
its allusions was elicited, tollowing vvliuh the appendix w is removed. One en 
lirgid lymph node was reinovtd for study and the ibdoiticn closed m !iyer». 
P ithulogie di i gnosis from m i turns or the lymph node vv is chrome lymphadenitis, 
while the appunhx w is reported is showing fibrosis 

Recovery ot the pitunt arti r opentum was prompt The wound healed per 
prim mi. On the twelfth postoper itne div, an x r ly with the ml of abirium me il 
r.uihd the i olon to be well tillel and showed no ibnoriinlitns m the sigmoid 
region The pitunt w is dm h irg, ,1 svmptom free on the thirteenth postoperative 
d iy 

Follow up si min s OI this . me luce shown the pitient to .eratinue in an excellent 
st ite of In vtth lor two y< irs uul two months A 1, irmni menu in JuH, 1911, 
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(Fiom I hi l)t [Hirtiiu nt of Sum, I >r of tlu Mutual Colhije of the State of South 
( arotmu and tlu Sur;/ii at Uiuium, /toper Jlodutal) 

l\/fl bus Ofeii written in t lie* Inst lew years about regional enteritis 
•tVx mill nuieli lias been aeeoinplisheil toward clarifying its puzzling 
aspects since its original description by Oiolm and his associates 1 in 
1!K52. With regard to the acute phase of the disease, surgical treatment 
roughly divides itself into radical and conservative. The following ease 
reports and discussion of the literature are offered in support of the 
view that radical treatment is not indicated in those cases of acute 
regional enteritis initially encountered at laparotomy for an acute ab- 
dominal condition. Emphasis is placed upon the fact that the cases and 
discussion presented below represent that phase of regional granuloma- 
tous inflammation of the bowel which is acute or subacute when fustseeu 
and which presents clinical findings demanding celiotomy at the time of 
admission to the hospital. 


CASK KKl’ORTS 


Cask 1 ( Roper Hospital No. SloO.l). — A 23-year old eoloied male, a laborer, 
was admitted Max IS, 19.1.1, with u history of generalized loxxer abdominal pain, 
more pronounced m the right lower quadrant, of three dins’ duration. The pam 
xxas uiteinnttent in diameter and was accompanied by nausea at the onset. 
Vomiting oceuned three times during the liist thiity sis. hours and then stopped. 
The patient took castor oil at the onset of symptoms and had a wateiy diarrhea 
for the next forty eight houis. When he readied the hospital, the discomfort of 
the patient was entiielx confined to the right loxxer quadrant. Theie liad been 
no uimary, respiratory, or eaulioxaseular disturbances at any time. The past and 
family histones xxeie lrrelexant. Examination on admission revealed a "ell 
dex eloped negio adult male, obxiously acutely ill The abdomen xxas flat but did not 
moxe xxith lespiration. Theie xxas geneiabzed loxxer abdominal tenderness on 
palpation xxhieli xxas exeiuciating oxei MeBurney’s point and just beloxv the 
umbilicus. Rebound pain from left to right was xxell defined. The right rectus 
muscle xxas frankly ligid m its Ioxxei half. No masses xxeie palpated. By rectal 
examination, acute tenderness and suggestixe induration xxeie noted high in the 
ridrt pelvic fossa. Auscultation mxealed actixe peristalsis to be present. Tempera 
ture xxas 102.6° F.; blood pressure 124/66; leucocyte count, 9,950, with 71 per cent 
polymorplionucleai cells; urinalysis xvas noimal. A diagnosis of acute appendicitis 


xxas made. 

0 pet at ton. Under spinal anesthesia, the abdomen xxas opened through a Me 

incision. A laige amount of fiee serosanguineous fluid xxas piesent in 
Bumey^^^ eaxity. Exposuie through the gndnon opening xxas found to be 
' t and a right rectus muscle splitting incision xxas made. The appendix 
inadequa 1 ^ uas p rm ]y adheient to the ileocecal region by old fibrous bands, 

xxas norm . inches of the ileum xvere intensely edematous am] hyperemic and 
The terminal six 


Eeceix 


ed tor 
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month's duration. Pain was said to have been associated with frequent nausea 
and epigastric fullness but was not accompanied by vomiting. Constipation had 
been present for some months and there was a marked anorexia. Undue fatigue 
and slight weight loss developed rather abruptly two weeks before admission. 
There was no abnormality in the history of the systems. Past and family histories 
failed to add pertinent data. On physical examination, the temperature was 
99.0° F., pulse So per minute, and blood pressure 120/S0. The abdomen was essen- 
tially normal except for pain on deep palpation over AleBurney’s point. Rectal 
palpation was normal. The leucocyte count was 14,000 with 7S per cent poly- 
morphonuclears and S per cent eosinophiles. Urinalysis was normal except for 1 
plus albumin. 

A tentative diagnosis of intestinal parasites was made in view of the patient’s 
occupation and the eosinophilia. Several stool examinations, some by special 
laboratory technique, failed to reveal the presence of parasites or ova. The 
eosinophilic varied from 0 to 11 per cent. A barium meal and x-ray showed normal 
stomach and duodenum but a large diverticulum of the jejunum, which retained 
its barium, was noted. This rudiographie study was repeated and similar results 
obtained. X-rays of the colon after a barium enema and of the thoracicolumbar 
spine were normal. A flat plate of the genitourinary tract was normal. 

After the medical department had failed to demonstrate a cause for the 
eosinophilia, a presumptive diagnosis of jejunal diverticulitis was made and 
celiotomy advised. 

Operation . — Using gas-ether anesthesia, a right paramedian incision was made. 
There was no increase in peritoneal fluid. The jejunum, from the ligament of 
Treitz to its junction with the ileum, was injected and greatly thickened. Its 
consistency was soft and boggy. The lumcnal diameter was reduced. There was 
a widespread mesenteric lymphadenitis present which was confined to the jejunal 
mesentery. Xo abnormality of the other abdominal viscera was noted. The appen- 
dix was removed and a lymph node was obtained from the jejunal mesentery 
for study. The pathologic report from sections of the node was hyperplastic 
lymphadenitis, and from sections of the removed appendix, no definite abnormality. 

The postoperative convalescence on the whole was smooth, but was complicated 

by separation of the skin edges of the incision after removal of the sutures. 

Secondary closure healed well. A barium meal was administered on the seventeenth 
postoperative day and the x-ray showed some clumping of barium in the jejunum 
but no evidence of stricture was seen. The patient was discharged on the twenty- 
third day postoperatively. Three recent follow-up visits have found this patient 
to he rather lethargic and weak. He complains of constant nausea and anorexia 

but « recent barium radiograph four months after his operation was normal 

indicating no progression of the jejunitis toward obstruction or fistula formation. 
His temperature remains normal and a white blood couut made at the time of tlie 
last x-ray was 7,500 leucocytes with a normal eosinophile count. 

Cask 5 (llopcr Hospital Xo. 11S223). — Report of this case is included only to 
demonstrate the fact that a strong tendency toward spontaneous healing must exist 
in certain cases of regional enteritis. The case is of too recent origin to be con- 
sidered cured (see Discussion). 

A 27 year-old colored female entered the hospital July 12, 1911, complaining of 
severe pain in the right lower abdominal quadrant of some twenty hours’ duration. 
At onset, the pain wus located in the epigastrium but became localized in the lower 
abdomen alter n few hours. Xuu.-ea was pronounced, but no vomiting occurred. One 
bowel movement early in the illness was effected with the aid of an enema. There 
were no other symptoms of consequence and the history of the systems was irrelevant. 
A Similar episode was raid to have occurred one month previously but disapiieared 
after twelve hours without treatment. Examination .. • 
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niU'itli'l the Mgmou! uilim to he normal throughout, showing no spasticity or 

“string sign" mid no divertuulu. 


•, ,\si, ii ( Itopor llo-qulnl So. lluloj). — A ir ol.l colored male, a hotel 

bellhop, entertd tho lio-pit.tl Ajiril 19, lit It), i ompl.nmng ui pain in the right lotvcr 
abdominal (|imdrimt. Forty eight hours he fore admi--i(m the piticnt developed a 
dull gnawing Uche m the right half of the abdomen and in the epigastrium. The 
pam grew -to ullly wor-e and vomiting on urn d twue -liortly after its onset 
About twelve hours prior to admission, all di-tomfort became localized in the 
right lower tpiudrant and persisted in that an i, undi rgoing ex icorbations and 
remissions but never completely dis ippcarmg. One bond move uent had occurred 
the day before admission and was described as normal. There was no dnrrhea 


Nocturia of modurnte degree had been pre-ent for several weeks and for three 
days betore entering the hospital the patient suffered some burning on urination 
uuiieeonip lined by hematuria, dy-uri.i, or pas-age ot -tones. The lu-tory of the 
systems was irrelevant and past history totally none ontrihutory. Examination of 
tho patient showed a well developed colored youth in obvious distre-s but not 
acutely ill. Temperature was 100° F., pul-e, 92 per minute, blood pressure, 117/70 
The abdomen w.is tlat and held motionless during respiration. So abnormalities 
of the left abdominal qu.idinnt- were noted, while tho right rectus muscle was 
rigid and acute tenderness was elicited over Melturney ’s point. Rebound tenderne-s 
was referred from the left lower quadrant to the midlme just below the umbilicus 
Rectal palpation elicited sharp pain m the right jielvie fossa; there was no nia-s 
The vv Into coll count was Id, 000 with 01 per cent neutrophiles. The urinalysis was 
normal. A diagnosis of acute nppcndiciti- seemed inescapable. 

Opt ration . — The abdomen was opened through a MeBurney incision under 
other anesthesia. The appendix appeared innocent and there was considerable free 
clear peritoneal fluid pre-ent The ileum in its terminal four inches was thickened 
and intensely liypereime Its consistency was boggy. The ileocecal valve was 
patent but definitely narrowed. Theie was no involvement of the cecu.n. A regional 
lymphadenopathy was present and marked Culture from the peritoneal fluid was 
made A lymph node was excised for study and the appendix was removed followed by 
inveision of its stump Pathologic diagnosis from sections of the node was 
chronic lymphadenitis, etiology undctei mined, the removed appendix showed fibrosis 
only on microscopic study. The peritoneal cultuie was sterile 

Convalescence of the patient was stormy. He suffered for seveial days from 
a watery diarrhea and intermittent, ciampmg, generalized abdominal pam Cul 
tures of stools showed noimal intestinal flora, no streptococci or dysentery' or 
ganisms were diseoveicd A tubeiculin test was negative Gradually, the symptoms 
subsided and a soft diet was tolerated on the ninth day postoperatively' The 
wound healed pei primam and the patient was discbaiged on the twenty first 
postoperative day. Six weeks aftei the operation, a baimm \ ray' showed normal 
patency of the ileum and the ileocecal valve but there was considerable irritability 
of the terminal ileum 

Repeated checkup visits of this patient found linn in an excellent state of 
health and lie has offeied no complaints of any kind In August, 1911, barium 
enema and x ray levealed the terminal ileum to fill normally, there was no en 
croachment upon its lumen The patient is considered well fifteen months aftei 
operation 


^ (Roper Hospital No 11G545) — This case is of too recent origin to be 
d a spontaneous cuie It is offered, however, to emphasize the necessity 
considert ^ < sur g, ca ] treatment m that smaller gioup of patients who present 
of consmV' 1 ^ emen t of the bowel and so called "skip areas" (see Discussion) 
massive mV0 ' w i u t e male, a meat packei, entered the hospital April 16, 1941, 
A 21 year o m t ] ie rl ght lower abdominal quadrant, of one 

with the chief complaint P 
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roentgen findings during the acute phase other than irritability of the 
involved segment. The so-called “string sign” belongs to the chronic 
phase of regional enteritis and makes its appearance quite late in the 
disease, being dependant upon narrowing of the bowel lumen due to 
actual fibrosis of the bowel wall. Thus, all x-ray studies of the foregoing 
cases have been noncontributory as far as verification of the diagnosis is 
concerned inasmuch as all examinations were made during subsidence 
of the disease and following recovery. The diagnosis in each instance 
has been established onlj r after the combined expedients of direct 
inspection and laboratory exclusion studies. 

In reviewing the literature on regional enteritis since its introduc- 
tion in 1932, one is confronted by the fact that after nine years of 
study there remains a distinct division of surgical opinion regarding 
treatment of the acute phase of the disease. Since 193S, however, there 
appears to have been a definite trend toward conservative management, 
although proponents of radical measures (enterostomy, resection and 
short-circuiting procedures) still exist. 2 ’ 3 - 4 

The recommendation of conservative treatment (which implies simple 
exploration with or without appendectomy) must be prefaced by con- 
sideration of certain pathologic and clinical features of the disease. 
To begin with, the etiology of acute regional enteritis is not known. 
It seems logical to assume that radical manipulation of an acutely in- 
flamed segment of bowel might kindle a smouldering fire into the 
flaming proportions of peritonitis, even though extensive resection were 
accomplished. Such a situation is definitely undesirable in a process 
whose mode of onset and manner of progression are not understood. 
On the other hand, should the acute disease progress to a chronic- 
state, the treatment of which is undeniably radical resection, the patient 
can he kept under observation and prepared in advance for an extensive 
surgical procedure. That progression of the acute state occurs in some in- 
stances is well established 4 - "• 12 and the responsibility for its detection 
is placed directly upon the surgeon who handles his acute cases by 
conservative methods. Thus, the conservatist is dutifully hound to adopt 
an organized plan for observation and periodic follow-up examinations, 
with particular stress upon repeated barium x-ray studies, in all pa- 
tients treated by laparotomy alone. Proper preoperative management 
by transfusions, general supportive measures, and some form of enteral 
chemotherapy, sm-h as sulfanilylguanidine'-- 6 or suecinvl sulfathiazole," 
should take precedence over the choice of radical treatment in an 
unprepared patient just recently admitted to the hospital. This becomes 
especially true when one considers that the mortality rate in resection 
even under elective conditions, is formidable and that recurrences after 
resection are reported, varying from ITolmV minimal estimate of 7.7 
per cent to as high as 15 per cent. 3 

Spontaneous subsidence of acute regional enteritis, “possibly never 
to he heard from again.”' must he of frequent oeenn-eiu-e. Actual 



100 1 |iii]hi> ,h,i |ht ifiiuuti', and blood prei-niro 1 lil/iiQ, The ididomin was flat ami 

t .tilcil In mou' with rt'sjiiuiiion. Uxquiiitt' tiTidiTm.--. win pnwnt out tins umre 
ri^lit lower qimdiuiit looking :u i unite p dp.itioii oi deep .,tnn,turi‘i impoiTbk'. 
Kcbomid (>uiu wilt intwiit*. lit • tal ami v.igimtl •-xumin.ttioiis elicited extreme tender 
liivs ill tin* right (h'Kii* tiH-.,i hut no nia-s eould he ilemonit rated. The leucocyte 
eunnt was 15,-Otl with SICr pidymorplioniu-h.ir-c. LTriualjsi^ was ei'entndly normal 
Hie diagnosis of :u uti* -mppnrntivc appendicitis, pos-uhly with rupture, appeared 
olnious and operation was ndvi-ad. 

Oinuitwii. — Under spm.il uiiosthu-ou, the ahdoinen was opened tliroeiyh a Me 
lluriwy incision which later had to he extended downward along' the right rectus 
.sheatli. There was a large ainount of dirty, hrown, tluu fluid free in the ab 
doniilml entity. The in mu, appendiv, distal mix imhes of the ileum, and a large 
wad of mesentery were ine\t ri< ably hound together in one large, friable, fixed in 
tlnmumtory mass which was nnered with new granulation ti-suo aud fibrin. On 
dissecting t ho wit.— * free, the appendix was noted to lie normal while the terminal 
ileum was bright red, thickened, and covered with granulation tissue. The cecum 
and proximal three inches of ascending colon clo-ely resembled the terminal ileum 
aud a spontaneous pciiorutiou of the cecum one inch in diameter had occurred 
adjacent to the base of the appendix. The opening had been effectively sealed off 
within tlio inlhunmatoiy mass. Jiegional hyperplasia of mesenteric lymph nodes 
was marked. Further dissection of the friable structures unfortunately resulted 
in tearing the cecal perforation into a rent of alarming dimensions. Very little 
gross -soiling oeetured, however. The appendix was removed and the cecal tear 
closed with three layers of chromic 0 catgut. Serosalization of the entire field was 
impossible due to the marked friability of the tissues. Geneious portions of necrotic 
serosa and flesh granulation tissue vveio obtained for biopsy study. Sulfanilamide 
crystals, 10 Gm., were dusted tluoughout the light lower abdominal quadrant. Pea 
rose drains were placed in the cecal pouch and right pelvic gutter. ClosUie of the 
incision was effected in layers with intci rupted sutuies. 

A culture of the peritoneal fluid was negative. Biopsy studies revealed granu 
Iomatous inflammatory tissue from the intestine and appendix but failed to uncover 
any specific etiologic agent. No evidence of tubeiculosis was seen m the sections. 
The appendix showed, on section study, no disease of its mucosa but heavy serosal 
infiltration by a nonspecific chi owe inflammatory pioeess. 

The patient's postoperative course was satisfaetoiy m every' way. The drains 
weie removed on the third postopeiative day' and soft diet allowed on the fifth us}' - 
The wound healed well except for a small sinus peisistmg at the point of exit 
of the drains. The patient was dischaiged on the fourteenth day after operation. 
The wound sinus healed rapidly. On Sept. 3, 1941, the patient was dischaiged 
from the outpatient depat tment symptom fiee and apparently m excellent health. 
She is to return at intervals foi radiographic study. 


DISCUSSION 

A critical evaluation of the foregoing case reports brings to mind 
the question of correctness in diagnosis. Clinically, a preoperative 
diagnosis of acute regional enteritis in a patient seen shortly after the 
first attack of pain is purely tentative; in the majority of instances the 
condition is not mentioned among the diagnostic possibilities. Only' 
1 celiotomy is performed and direct inspection and palpation of the 
"ff 6 t d boxvel is allowed can one specifically state the existence of acute 
a ■ 6 1 enteritis. Radiographic study of the bowel with the aid of 
regiona ^ ^ limited value in verifying the presence of the disease, 
barium is acu te cases which subside spontaneously give no positive 
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brief mention of certain of its aspects is included here. Emphasis is 
given to the fact that appendectomy in acute regional enteritis is 
purely incidental and not designed to alter the course of the disease per 
se. Tendency to fistula formation is thought by some to be increased by 
appendectomy in the acute phase. Certainly, the incidence of such is 
quite low if one depends upon the literature as a gauge. In all cases 
reported in this series, appendectomy was done, and in Cases 1 and 3 
the site of the disease was the terminal ileum, while in Case 5 actual 
extension to the cecum was present; no fistula resulted in any case. 
Eliason and Johnson 23 offer the assumption that if the appendix were 
not removed and later became involved, appendical obstruction due to 
edema could conceivably take place and early rupture occur. Fallis 33 
and Lehman 20 report seven and six cases, respectively, of acute terminal 
ileitis treated by simple exploration and appendectomy; no fistula oc- 
curred. 

SUMMARY 

1. Five cases of acute regional enteritis are reviewed. All were 
managed by simple exploration and appendectomy and none showed 
progression of the disease. 

2. That a strong tendency toward spontaneous healing is present in 
certain instances of acute regional enteritis is illustrated by Case 5, 
in which prompt healing followed primary closure of a perforated 
cecum in the presence of a very active acute process. 

3. Conservative management is mechanically essential in a smaller 
group of acute eases showing either massive involvement of the bowel or 
extensive “skip areas.” 

4. Spontaneous disappearance of acute regional enteritis occurs in 
a large number of instances, progression to the chronic phase in few. 

5. Recurrence after radical resection is relatively frequent, not to 
mention a formidable mortality rate in patients subjected to radical 
surgical treatment during the acute phase. 

6. In order to detect the occasional case showing a tendency to 
progress to chronic regional enteritis, conscientious observation and 
frequent postoperative x-ray study are essential in the acute case man- 
aged by simple exploration and appendectomy. 

T. Progression from acute to chronic under observation and thorough 
preoperative preparation by general supportive measures, transfusions, 
and enteral chemotherapy constitute a far more desirable form of 
management than radical resection in an unprepared acute case just 
recently admitted to the hospital. 

8. Appendectomy is incidental in the conservative form of surgical 
treatment ; it does not materially increase the risk of fistula formation. 

9. It' the appendix is not removed at operation, eventual involvement 
of it by the acute granuloma may cause appendical obstruction from 
edema with consequent early rupture and peritonitis. 
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visualization at the operating table of normal bowel previously diseased 
is reported by Pessagno."* Case 5 of this series indicates beyond doubt 
that a strong healing tendency must exist in some instances of acute 
regional enteritis, since primary suture of a perforated cecum in the 
presence of an extensive process brought about healing without fistula 
formation. Relative proof of the spontaneous disappearance of the 
acute disease can be had in radiologic study of the bowel at intervals 
after operation (Cases l, 2, and 3 of this series). Beyond the phase 
of x-ray study, one is left only with the patient's symptomatic progress 
as a guide to evaluating the degree of activity of the disease. The 
literature offers many reports of spontaneous cure after simple ex- 
ploration, with or without appendectomy. 13 ' 211 Many of these reports 
embody ease studies representing freedom from symptoms for many 
years; some include roentgenologic findings. Especially striking are 
those patients who have remained symptomless for a period of years. 
Of seven eases investigated by Lehman, 20 two had had no recurrence nine 
and one-half years after operation (appendectomy) while a third was 
well after four years. Brown, 27 Roekey, 13 Rixford, 15 Kross, 23 Eliason 
and Johnson, 22 and Eckel and Ogilvie 21 all have contributed studies of 
patients, followed for at least four years, who have remained well after 
conservative treatment. In an all-inclusive review of the world litera- 
ture, Ravdin and Jolmston 28 concluded from their own experience and 
reports of other authors that extensive surgical procedures are not 
indicated in acute regional enteritis. They emphasize the fact that a 
large number of cases subside spontaneously and that in those few 
which progress to a chronic state, as noted above, careful preoperative 
management is essential to good results in later resection of the bowel. 
Direct recommendation for conservative surgical treatment in the acute 
phase is made by several authors whose writings reflect surgical ex- 
perience of unusual scope. 29 " 32 It is interesting to note that Mixter’s 12 ' 3_ 
wide experience has led to a change in his attitude from radical to 
conservative between the years 1935 and 1939. 

There are noted occasionally anatomic features of distribution m 
certain cases of acute regional enteritis which literally demand that 
only the simplest surgical methods be employed. In case 4 above, the 
entire jejunum was found involved at operation, so that radical surgical 
management was out of the question. Similarly, the occurrence of 
“skip areas” throughout the intestinal tract provides technical diffi- 
culties in resection or short-circuiting which defy the boldest operator. 
Furthermore, the overenthusiastic surgeon may find that, after removal 
of an acutely inflamed segment of bowel, a similar acute process exists 
at a higher level of the alimentary canal. Pitfalls of this nature are 
eliminated when simple exploration, appendectomy, and closure of the 
wound are accomplished, to be followed by watchful waiting. 

Since removal of the appendix in the presence of an acute granulo- 
matous condition of the intestine has occasioned considerable comment, 
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brief mention of certain of its aspects is included here. Emphasis is 
given to the fact that appendectomy in acute regional enteritis is 
purely incidental and not designed to alter the course of the disease per 
se. Tendency to fistula formation is thought by some to be increased by 
appendectomy in the acute phase. Certainly, the incidence of such is 
quite low if one depends upon the literature as a gauge. In all cases 
reported in this series, appendectomy was done, and in Cases 1 and 3 
the site of the disease was the terminal ileum, while in Case 5 actual 
extension to the cecum was present; no fistula resulted in any case. 
Eliason and Johnson 22 offer the assumption that if the appendix were 
not removed and later became involved, appendical obstruction due to 
edema could conceivably take place and early rupture occur. Fallis 33 
and Lehman 20 report seven and six cases, respectively, of acute terminal 
ileitis treated by simple exploration and appendectomy; no fistula oc- 
curred. 

SUMMARY 

1. Five cases of acute regional enteritis are reviewed. All were 
managed by simple exploration and appendectomy and none showed 
progression of the disease. 

2. That a strong tendency toward spontaneous healing is present in 
certain instances of acute regional enteritis is illustrated by Case 5, 
in which prompt healing followed primary closure of a perforated 
cecum in the presence of a very active acute process. 

3. Conservative management is mechanically essential in a smaller 
group of acute cases showing either massive involvement of the bowel or 
extensive “skip areas.” 

4. Spontaneous disappearance of acute regional enteritis occurs in 
a large number of instances, progression to the chronic phase in few. 

o. Recurrence after radical resection is relatively frequent, not to 
mention a formidable mortality rate in patients subjected to radical 
surgical treatment during the acute phase. 

G. In order to detect the occasional case showing a tendency to 
progress to chronic regional enteritis, conscientious observation and 
frequent postoperative x-ray study are essential in the acute case man- 
aged by simple exploration and appendectomy. 

7. Progression from acute to chronic under observation and thorough 
preoperative preparation by general supportive measures, transfusions, 
and enteral chemotherapy constitute a far more desirable form of 
management than radical resection in an unprepared acute case just 
recently admitted to the hospital. 

S. Appendectomy is incidental in the conservative form of surgical 
treatment ; it does not materially increase the risk of fistula formation. 

!). If the appendix is not removed at operation, eventual involvement 
of it by the acute granuloma may cause appendical obstruction from 
edema with consequent early rupture and peritonitis. 
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visualization at tin* operating table ot‘ normal bowel previously diseased 
is reported by Pessaguo."’ Case 5 of this series indicates beyond doubt 
that a strong healing tendency must exist in some instances of acute 
regional enteritis, since primary suture of a perforated cecum in the 
presence of an extensive process brought about healing without fistula 
formation. Relative proof of the spontaneous disappearance of the 
acute disease can be had in radiologic study of the bowel at intervals 
after operation (Cases l, 2, and ,‘i of this series). Beyond the phase 
of x-ray study, one is left only with the patient’s symptomatic progress 
as a guide to evaluating the degree of activity of the disease. The 
literature offers many reports of spontaneous cure after simple ex- 
ploration, with or without appendectomy. 13 ’ 24 Many of these reports 
embody case studies representing freedom from symptoms for many 
years; some include roentgenologic findings. Especially striking are 
those patients who have remained symptomless for a period of years. 
Of seven cases investigated by Lehman, 20 two had had no recurrence nine 
and one-half years after operation (appendectomy) while a third was 
well after four years. Brown, 27 Roekey, 13 Rixford, 15 Kross, 23 Eliason 
and Johnson, 22 and Eekel and Ogilvie 24 all have contributed studies of 
patients, followed for at least four years, who have remained well after 
conservative treatment. In an all-inclusive review of the world litera- 
ture, Ravdin and Johnston 23 concluded from their own experience and 
reports of other author’s that extensive surgical procedures are not 
indicated in acute regional enteritis. They emphasize the fact that a 
large number of cases subside spontaneously and that in those few 
which progress to a chronic state, as noted above, careful preoperative 
management is essential to good results in later resection of the bowel. 
Direct recommendation for conservative surgical treatment in the acute 
phase is made by several authors whose writings reflect surgical ex- 
perience of unusual scope. 29 ’ 32 It is interesting to note that Mister ’s 1 ’’ 
wide experience has led to a change in his attitude from radical to 
conservative between the years 1935 and 1939. 

There are noted occasionally anatomic features of distribution m 
certain eases of acute regional enteritis which literally demand that 
only the simplest surgical methods be employed. In case 4 above, the 
entire jejunum was found involved at operation, so that radical surgical 
management was out of the question. Similarly, the occurrence of 
“skip areas” throughout the intestinal tract provides technical diffi- 
culties in resection or short-circuiting which defy the boldest operator. 
Furthermore, the overenthusiastic surgeon may find that, after removal 
of an acutely inflamed segment of bowel, a similar acute process exists 
at a higher level of the alimentary canal. Pitfalls of this nature are 
eliminated when simple exploration, appendectomy, and closure of the 
wound are accomplished, to be followed by watchful waiting. 

Since removal of the appendix m the presence of an acute granulo- 
matous condition of the intestine has occasioned considerable comment, 
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and Robert A. Arens, M.D., F.A.C.R., Chicago, III. 

(From the Emmanual Friend Fund for pall bladder research and the “Gall Bladder 
Group” of Michael lleese Hospital) 

CHOLANGIOGRAPHY DURING OPERATION 

O NE of the chief problems of gall bladder surgery has to do with ex- 
ploration of the common duct. If no stones are in the common 
duct, it is best to leave it alone; if stones are present, it is essential to 
remove (til of them. Every surgeon of large experience knows that it 
is often difficult to tell whether stones are present and even more difficult 
at times to tell whether all stones present have been removed. 

Our criteria for internal exploration of the common duct during the 
operation have been (1) patient jaundiced at time of operation, or a 
history of jaundice; (2) palpable stones in common duct; (3) dilated 
common duct. 

With these criteria we find that in our last 500 cholecystectomies we 
have opened the common duct forty-five times or 15 per cent. In about 
one-third of these instances no stones were found, that is, in those cases 
it would have been better had we let the common duct alone. We do 
not think debris or so-called •'sand" which can be scooped out of any 
common duct when the gall bladder itself contains “sand” has any 
special significance or requires mechanical removal. Experience has 
shown us again and again that the fact that a probe can be passed with 
case through the common duct into the duodenum is not an absolute 
sign that no stone is present in the duct. In a dilated common duet a 
stone of large size can lie in the lumen and not come in contac-t with the 
probe at all as it makes its way through the duct. Even when the 
duodenum is mobilized, a procedure we use with great frequency, the 
stone may not he palpable without or with a probe in the duet. 

In one instance that we know of for a certainty we did not remove all 
of the stones which were present in the common duet hut left one behind. 
The patient in question died of a pulmonary embolus on the tenth day of 
an apparently excellent postoperative convalescence. At autopsy the 
overlooked stone was found lying free in the common duet. We had 
exercised every possible precaution at the time of operation, had palpated 
the duet inside and out, had flushed out the duet, passed probes through 
the duct into tiie duodenum and had probed up into the hepatic duets, vet 
here at autopsy was the stone the size of a large pea. mute but absolute 
evidence that the methods at our command were inadequate for obtaining 

(or tGihiUMtl* n, A;>ril "?. 
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The cystic duct is isolated as if for ligation and a ligature passed around 
it. A small slit is made into the duct and a ureteral catheter threaded 
into the cystic duct and through it into the common duct. The ligature 
is then tied with a single knot around the cystic duct just proximal to 
the opening, tightly enough to hold the catheter in place hut not 
tightly enough to constrict it. Prom 5 to 20 c.c. of a sterile solution of 
skiodan and acacia (this is a stock preparation) are injected through the 
catheter into the duct. 



Htt. -■ — Actual tmmullito cliol.ini;loi;r.im show line three r.uitolucent atone'* Note 
the cystic iluct through which, in this case, tin- common Juct was Injictcil ■ the com- 
mon ilucl la slluhtlj illl.it* il. Note the spill Into the duodenum through the n itent 
ninpulli of Voter For the sake of clearne-s the Ulmer p irt of the Mm showlnc the 
branching of the hep.ule radicals of the biliary tm Is not shown. h 


The operative field i.s covered with a sterile sheet and the portable 
x-ray machine wheeled into place and centered. 

The lespiratiou of the patient Is cheeked by producing a temporary 
apnea by means of a high oxygen concentration if the patient is having 
a general anesthesia, or by simply having the patient hold his breath if 
the operation is being done under spinal anesthesia. 
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au accurate knowledge of whether or not .stones were present in the duet. 
In the hope of reducing, if not completely eradicating, the possibility of 
repeating such a mistake we have for the last two years made use of 
cholangiography during operation wherever we thought indicated. As 
we have become more familiar with this procedure our indications have 
increased and we now use immediate cholangiography whenever we feel 
that there is the slightest doubt that a common duet stone may be present 



p ie . i — Method of placing patient on table. Note the Bucky diaphragm and the pads 
above and below so that the patient lies comfortably on a plane. 


Our technique is as follows. We have secured for the operating 
room a portable x-ray machine which is spark proof and which lias 
no high tension cables which are exposed. We have a small Bucky 
diaphragm which can be placed on the operating table and which con- 
tains a tunnel for the plate. The Bucky diaphragm is so placed upon 
the table that its center will roughly underlie the site of the patient’s 
duct The rest of the table is built up with heavy pads so that 
, tient lies comfortably (Fig. 1). The operation proceeds as usual 
t that lap towels are held in place by suture and that all subcutane- 
eXC -Tl eders are immediately ligated, thus doing away with towel damps 
oUS e ’ . -which would interfere with the roentgenogram. After 

and nemos ^ duets have been exposed the common duct is care- 
the gall a usU al with the index finger in the foramen of Winslow, 
fully palpatea a cholangiogram is indicated we proceed as follows: 
If we decide tnai a 
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The cystic duct is isolated as if for ligation and a ligature passed around 
it. A small slit is made into the duct and a ureteral eatheter threaded 
into the cystic duct and through it into the common duct. The ligature 
is then tied with a single knot around the cystic duet just proximal to 
the opening, tightly enough to hold the eatheter in place but not 
tightly enough to constrict it. From 5 to 20 c.c. of a sterile solution of 
skiodan and acacia (this is a stock preparation) are injected through the 
catheter into the duct. 



Vl£. 2. — Actual immedi ite cholnnglogram show ing throe r.itlloluccnt stone* Note 
the cj stlc duct through which, in this case, the common duct was injected* the onm. 
mon duct is slightly dil.iUd. Note the spill into the duodenum through th»* n .t. nt 
in pull l of Vater. For the sake of ck.irney* the upper part of the Him ahowln^ th«* 
branching of the hepatic radical* of the biliary tree Is not shown. ** 


The operative field Ls covered with a sterile sheet and the portable 
x-ray machine wheeled into place and centered. 

The respiration of the patient Ls checked by pioducing a temporary 
apnea by means of a high oxygen concentration if the patient Ls having 
a general anesthesia, or by simply having the patient hold hLs breath if 
the operation is being done under spinal anesthesia. 
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an accurate knowledge of whether or not stones were present in the duct. 
In the hope oi' reducing, ii' not completely eradicating, the possibility o£ 
repeating such a mistake we have for the last two years made use of 
cholangiography during operation wherever we thought indicated. As 
we have become more familiar with this procedure our indications have 
increased and we now use immediate cholangiography whenever we feel 
that there is tiie slightest doubt that a common duct stone may be present. 



Fig-. 1. — Method of placing- patient on table. Note the Bucky diaphragm and the pads 
above and below so that the patient lies comfortably on a plane. 


Our technique is as follows. We have secured for the operating 
room a portable x-ray machine which is spark proof and which has 
no high tension cables which are exposed. We have a small Bucky 
diaphragm which can be placed on the operating table and which con- 
tains a tunnel for the plate. The Bucky diaphragm is so placed upon 
the table that its center will roughly underlie the site of the patient’s 
common duct. The rest of the table is built up with heavy pads so that 
the patient lies comfortably (Fig. 1). The operation proceeds as usual 
- t that lap towels are held in place by suture and that all s ubeutane- 
CXC | ( i ec( i ers a re immediately ligated, thus doing away with towel clamps 
0US . os t a ts which would interfere with the roentgenogram. After 
aUC 1 1 dder and ducts have been exposed the common duct is eare- 
tlie ga a ^ usual with the index finger in the foramen of Winslow. 

fully pa P a 1 cholangiogram is indicated we proceed as follows: 
If we decide tnai a 
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The cystic duet is isolated as if for ligation and a ligature passed around 
it. A small slit is made into the duct and a ureteral catheter threaded 
into the cystic duct and through it into the common duct. The ligature 
is then tied with a single knot around the cystic duct just proximal to 
the opening, tightly enough to hold the catheter in place but not 
tightly enough to constrict it. From 5 to 20 c.c. of a sterile solution of 
skiodan and acacia (this is a stock preparation) are injected through the 
catheter into the duct. 



FlB. 2 — Actual immultite chol.ingtoKrum showing three radlolucent stones, Note 
On- cystic duct through which, in this case, the common duct was injected the com- 
mon duct Is slightly dilated. Note the spill into the duodenum through the p etent 
ampulla of Voter For the Mike of clearness the upper part of the aim showinir the 
branching of the In patic radicals of the biliary tree Is not shown. “ 


Tiie operative field is covered with a sterile sheet and the portable 
.vrn.v machine wheeled into place and centered. 

The respiration of the patient is checked by producing a temporary 
apnea by means of a high oxygen concentration if the patient is having 
a general anesthesia, or by simply having the patient hold ins breath if 
the operation is being done under spinal anesthesia. 
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The roentgenogram is taken and immediately developed in a neighbor- 
ing darkroom using high-speed developers and fixatives. In less than 
three minutes the film is ready for viewing. Very frequently a second 
roentgenogram is taken to see how much of the injected media has 
escaped into the duodenum. 




Fiff- 




The interval between exposures is used for general intraperitoneal ex 
-ration removal of the appendix, when this is to be done, isolation o 
the cystic artery, etc. If the cystic duct is obstructed, as of course not 
• frequently happens, the skiodan and acacia are injected directly into 
common duct with a syringe and fairly short pointed needle. Unless 
11 n d uc t is very thin because of great distension the contrast 

the com ^ Jeak back thr0 ugh the puncture hole. If the common duct 
mecUa ' distended we frequently first aspirate much of the contained 

is g rea J loiect The puncture wound can be clamped if it should 
bile and then mjem. 

^ ea ^' ( o j| die plates is an art and we realize that we are far from 

The rea mg however, that as time goes on and we gain more 

proficient- ,- ence the interpretation of the plates becomes easier, 

and more exp unmistakable, as are those in which the stones show 
Frank normals are 
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clearly. Air bubbles can be fairly easily differentiated from stones. At 
first we purposely injected small amounts of air during the second ex- 
posure to see whether or not air bubbles might be confusing. Edema 
near or at the ampulla of Vater is occasionally difficult to distinguish 
from actual stenosis. 

In the case of multiple stones it is a great comfort to the surgeon when 
he finds that the number he has removed from the duet tallies with the 
number on the plate. 

We have had no ill results from this procedure nor see why there 
should be any. 

We have in the last two years had one experience of finding a stone 
which otherwise would have been overlooked. This was a patient in 
whom three stones, two large and one small, were seen on the cholangio- 
grain and only the two larger ones could be palpated and were removed. 
Because of the third negative shadow on the film we persisted in our 
search and finally Hushed out the smaller stone (Fig. 2). We have 
in several instances felt confident in the presence of a normal eholangio- 
gram that we were correct in our decision not to open the common duct 
where otherwise we might have been skeptical (Fig. 3). The prolonga- 
tion of the operation has been slight and we think absolutely justifiable. 

After having availed ourselves of the procedure of operative cho- 
langiography we find it difficult to understand why it is so infrecpiently 
used. We heartily agree with these authors who advocate it and we 
predict that within a few years it will be universally adopted. 



THE EFFECT OF LIGATION OF ARTERIES OF THE STOMACH 
UPON ACID GASTRIC SECRETION AND UPON THE 
ENDOSCOPIC APPEARANCE OF THE 
GASTRIC MUCOSA IN THE DOG' 5 * 

John A. Layne, f M.D., .and George S. Bergh, M.D. 
Minneapolis, Minn, 

( From the Departments of Medicine and Surgery, University of Minnesota 

Medical School ) 

A MONG the factors acting in the production of peptic ulcer, the so- 
* called “circulatory factor’’ has received considerable attention. 
It has been demonstrated that acute experimental ulcers may be pro- 
duced by causing embolic or thrombotic occlusion of the small gastric 
vessels. In rabbits and dogs, however, Graulich 2 and others liaise found 
that simple ligation of the large vessels fails to produce ulceration. 
This observation is particularly important to the gastric surgeon who 
must interfere with the blood supply to the stomach in the course of 
operative procedures. In an attempt to secure further information on 
this subject we have carried out a series of experiments in dogs to 
study the effect of ligation of arteries of the stomach upon acid gastric 
secretion and upon the endoscopic appearance of the gastric mucosa. 


METHOD OF EXPERIMENTATION 


Healthy adult dogs were used in this study. They had been main- 
tained on the standard laboratory diet for four weeks before the ex- 
periments were undertaken. During this period three control measure- 
ments were made of the acid gastric secretory response (o the subcu- 
taneous injection of 1.5 mg. histamine phosphate, and gastroseopie 
examinations were performed to ascertain that the mucosa appeared 


normal, t 

Various arteries of the stomach then were divided between double 
{matures and the effects of the operations upon acid gastric secretion 
and upon the endoscopic appearance of the gastric mucosa were studied 
(Tables I and II). All operative procedures were carried out under 
pentobarbital-sodium anesthesia and with aseptic technique, lit all of 
the animals the position of the pylorus was changed according to 
Bayne’s technique 3 in order to permit satisfactory gastroseopie visual- 
ization of the stomach. 


W , v as supported Ity a grant from the Medical Research Fund of the 

*This school University of Minnesota. 

Graduate SCI . ^ associa t c d with the Great Falls Clinic, Great 'Falls, Montana. 
•{Dr. x-a> gastroseopie examination of the dog has been described pro- 

$The technique & 
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In eight dogs various combinations of arteries to the stomach were 
interrupted (see Table I and Fig. 1), avoiding injury to the accom- 
panying veins. In a ninth animal the greater curvature of the stomach 
was devascularized completely and the spleen was removed. The ani- 
mals recovered promptly and were observed for periods of from 24 to 
229 days after operation. Gastroscopie examinations were performed 
immediately after operation and then at weekly intervals. Acid gas- 
tric secretion in response to histamine was measured at frequent inter- 
vals (sec Table I). 

Three of the animals in the first series (Dogs 3, 4, and 6) were used 
later in further experiments and all of the remaining large arteries to 
the stomach were ligated (see Table II). In order to effect a more 
nearly complete devascularization of the stomach, the splenic vessels 
were ligated and the spleen was removed. In Dog 3, the hepatic artery 
was ligated at the final operation, but in Dogs 4 and 6 the hepatic 
artery was not injured. In three additional dogs (10 to 12) all of the 
branches of the eeliae axis except the hepatic artery were divided be- 
tween ligatures and the spleen was removed (Table II). Gastroscopie 
examinations were performed before and immediately following the 
operation. Acid secretion was normal in these animals prior to the 
vascular ligation, but was not studied after operation because the sur- 
vival period was short. 

All animals were examined after completing the experiments to as- 
certain that interruption of the vessels had been effected. 


OBSERVATIONS 


Ligation of two or three of the large arteries to the stomach pro- 
duced no significant alteration of the acid gastric secretion (Table I). 
Neither did it change the appearance of the mucosa as viewed through 
the gastroscopc, except for a transient hyperemia observed immedi- 
ately following operation in several animals. Snell hyperemia may be 
observed following simple manipulation of the stomach (Layne 3 ). 
Gastric mucosal erosions, hemorrhages, or ulcerations were not ob- 
served in any ease. Even complete devascularization of the greater 
curvature (Dog 9) failed to change the acid gastric secretion or the 
endoscopic appearance of the mucosa. Microscopic sections of the 
gastric wall were prepared in three eases (Dogs 5, S, and 9, which 
were sacrificed after 154, 58, and 58 days, respectively), and these 
showed no patlmlog'u- change resulting from the experimental pro- 
cedures. 


Ligation of all four of the main arteries to the stomach resulted in 
death of the animals (Table 11). Death occurred whether the arterial 
occlusion was carried out in one (Dogs 10. 11, and 12) or two stages 
(Dogs 3a, 4a, and (>ab Two of the animals (Dogs Ca and 12) survived 
for less than ten hours. They showed many mucosal hemorrhages but 
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OF ARTERIES OF TI-IE STOMACH 


UPON ACID GASTRIC SECRETION AND UPON THE 
ENDOSCOPIC APPEARANCE OF THE 
GASTRIC MUCOSA IN THE DOG* 


John A. Layne,| M.D., and George S. Bergh, M.D. 
Minneapolis, Minn. 

(From the Departments of Medicine and Surgery , University of Minnesota 

Medical School) 

A MONG the factors acting in the production of peptic nicer, the so- 
>■ called "circulatory factor" has received considerable attention- 
It has been demonstrated that acute experimental ulcers may be pro- 
duced by causing embolic or thrombotic occlusion of the small gastric 
vessels. In rabbits and dogs, however, Graulich 2 and others have found 
that simple ligation of the lartje vessels fails to produce ulceration. 
This observation is particularly important to the gastric surgeon who 
must interfere with the blood supply to the stomach in the course of 
operative procedures. In an attempt to secure further information on 
this subject we have carried out a series of experiments in dogs to 
study the effect of ligation of arteries of the stomach upon acid gastric 
secretion and upon the endoscopic appearance of the gastric mucosa. 


METHOD OP EXPERIMENTATION 

Healthy adult dogs were used in this study. They had been main- 
tained on the standard laboratory diet for four weeks before the ex- 
periments were undertaken. During this period three control measure- 
ments were made of the acid gastric secretory response to the subcu- 
taneous injection of 1.5 mg. histamine phosphate, and gastroseopie 
examinations were performed to ascertain that the mucosa appeared 

normal.! 

Various arteries of the stomach then were divided between double 
ligatures and the effects of the operations upon acid gastric secretion 
and upon the endoscopic appearance of the gastric mucosa were studied 
(Tables I and II). AH operative procedures were carried out under 
pentobarbital-sodiiun anesthesia and with aseptic technique. In all of 
the animals the position of the pylorus was changed according to 
Layne’s technique 3 in order to permit satisfactory gastroseopie visual- 
ization of the stomach. 

- — sutroortcil by a grant from the Medical Research Fund of the 
’This e?ho 0 )' V University of Minnesota. 

Graduate son associated with the Great Falls Clime, Great 'Falls, Montana. 

fDr- Layne i castroscopic examination of the dog has been described )>re- 

VThe technique l J b 

deceived lor publication. March 26, 16i2. 
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no necrotic areas. The remaining four clogs survived for periods of 
10, 16, 20, and 36 hours. They developed gangrene of the middle two- 
thirds to three-fourths of the stomach and a generalized peritonitis. 
Five of the six animals in the second series (Table II) were examined 
gastvoscopically immediately after completion of the operation. In 
these a pallor of the mucosa was observed, most marked in the middle 
two-thirds of the stomach. Further gastroscopie examinations were 
not carried out because of the short survival time of the animals. 


DISCUSSIOX 


LitthaueF stated that the blood supply to one-third of the stomach 
could be cut oft’ without producing deleterious effects. Graulieh 2 and 
others also noted the absence of ulceration after ligation of various 
vessels supplying the stomach. Our studies confirmed this observation, 
and demonstrated that the gastric mucosa appeared normal when two 
or three of the large arteries to the stomach were ligated. Schindler, 
Nocheles, and Gold* stated that ligation of various arteries supplying 
the stomach did not produce significant pathologic changes in acute 
experiments with dogs. (Their report does not state which arteries 
were ligated in individual experiments.) They stated further, however, 


that when the 


gastric mucosa was exposed to the action of 


IC 

10 


hydro- 


chloric acid or acid gastric juice stimulated by the administration of 
drugs, ulcerations and hemorrhages occurred in the devascularized por- 
tions, hut not in the areas in which the blood supply had been left 
intact. In our animals no erosions or ulcerations were observed. Acid 
secretion remained approximately at preoperative levels, and no at- 
tempt was made to increase it except for the transient effect of the 
histamine phosphate injected for the purpose of measuring the acid 
secretory curve at intervals during the period of observation (Table I). 

Our results also demonstrate that sudden, complete occlusion of the 
celiac axis or of the four large arteries to the stomach produces death 
of the dog. Blalock and Levy' have been able to produce gradual, 
complete occlusion of the eeliae axis and superior and inferior mesen- 
teric arteries in dogs without causing death Or permanent injury. No 
abnormalities of the abdominal viscera were noted in their animals. 
The effect of the procedure on acid secretion was not studied. Neither 
was it studied in our animals because the survival period was too short. 


SUMMARY 

1. Ligation of two or three of the large arteries supplying the stom- 
ach produced no significant alteration of arid gastric secretion in the 
dog. Neither did it change the appearance of the gastric mucosa as 
viewed through the gaslroscope. 

-• Ligation of the four large arteries of the stomach .uf the dog re- 
sulted in death of the animal within six to thirtv..six hours. Necrosis 
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oi’ the middle two-thirds to three-fourths of the stomach and gener- 
alized peritonitis occurred in the animals surviving for ten hours or 
more. 
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FEMORAL HERNIA 

Description of a New Operative Procedure 
S. W. Moore, M.D, New York, N. Y. 

(From the Department of Surgery of the Xew York Hospital and Cornell University 

Medical College) 

T HE operative treatment of femoral hernia has stimulated the in- 
terest and resourcefulness of surgeons for many years. In the 
constant additions to the literature concerning the repair', two methods 
of approach have become standard, each of which has its staunch sup- 
porters. 

One method entails the exposure and repair of the hernia from be- 
low Poupart’s ligament, the other from above. Besides the difference 
in approach, the methods of repair differ in other respects and de- 
scriptions of procedures number well over 100. Unfortunately, follow- 
up studies rarely accompany these publications. 

As in all operative procedures in which there are two fundamentally 
different methods, neither one is wholly ideal and each has features 
which commend it. The ideal would be an operation which combines 
the best features of the two approaches. Such a method has been sug- 
gested by some surgeons but by others it is considered either impossible 
or too difficult to undertake. 

A thorough search of the literature fails to reveal a description of 
the repair of a femoral hernia which is here recorded and which, it is 
believed, combines the better features of the two standard types of 
operative procedure. 

OPERATION' 

An incision is made directly over the lower border of Poupart's liga- 
ment starting at the pubic spine and extending two-thirds of the 
distance to the anterior superior iliac spine. Tiic wound is deepened 
and the lower border of the external oblique faseia cleaned, after which 
the dissection is continued down to the saphenous opening. Here the 
hernia is freed of its superficial layers and the peritoneal sac opened. 
This sac is dissected free and pulled down to a point where a high 
ligation can he done. After ligation the sue is excised and the stump 
allowed to retract. 

All fat and areolar tissue is now carefully removed until the femoral 
canal and ring are in full view. Dissection with gauze brings Cooper's 
ligament into the field as a glistening structure of great strength along 
the ramus of the pubis. 

Poupart’s ligament is now retracted toward the umbilicus with a 
■uaall curved retractor which at the same time serves to depress this 

U" 5 .itii.ii. M ir. It 3n 
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ligament. A gauze pad beneath the tip of the retractor protects the 
peritoneum from injury. The sutures, usually three in number, are 
passed through Cooper’s ligament before being introduced through 
Poupart’s. A small, full curved needle with a cutting edge lias been 
found best lor this purpose. The first suture is taken through the 
outer edge of Cooper’s ligament very near the pubis and should include 
Oimbernat’s ligament. A deep bite brings the needle out on the inner 
side of the ligament where it is pulled through and left on the suture. 
(See Fig. 1, 1 .) If the surgeon encounters difficulty' in placing this 


1 . 


2 . 






t 


v_ 


. Th. sutures have been placed through Cooper's ligament Poupart s 
Fig. 1 — n PoLeti and retracted with a small curved retractoi The sutures 

ligament is “ ep P„,, ponnart's ligament, taking a broad, shallow bite. J. Upon t>ing 
are passed through « Is completely obliterated (. An incision has been mull; 

the sutures the remorai waH t0 peimit inspection of the repair of the femora! 

through the entire abdom ;it lt from thls aspect. It Is seen to have- closed the 
hernia from abov ®'~ 1 v as though the sutures had been pi iced from above Poupart s 
femoral ring as snug.} 

ligament. 


MOOP.E : FEMORAL HERXLY 


147 


suture lie may find it easier to accomplish from the far side of the 
operating table. The last of the sutures should be close to the femoral 
vein but not so near as to compress this vessel. 

Each needle, still threaded on the suture through Cooper’s ligament, 
is now passed through Poupart's, but this time from inside outward. 
(See Fig. 1, 2.) In this instance a broad shallow bite is taken of the 
lower magin of the ligament. If a deep bite he taken there is danger 
in the male of including the spermatic cord in the suture. 

Starting with the medial suture each is tied separately, bringing 
Poupart’s into contact with Cooper's ligament and snugly closing the 
femoral ring. (See Fig. 1, 5.) 

Additional sutures of finer material are used to unite the lowermost 
border of the external oblique to the pectineal fascia and thus reinforce 
the repair by closing both openings of the femoral canal. 

The superficial fascia is closed, the skin approximated, and a light 
dressing applied. After remaining in bed for a period of two weeks, 
the patient is allowed up progressively. 

Silk is preferred as suture material for this repair. 

Personal Experience . — This method of repair of a femoral hernia 
lias been used upon numerous cadavers without difficulty and, when 
inspected by way of the inguinal canal (see Fig. 1, f), is seen to have 
closed the ring as completely as when repaired from above by the 
standard method. The operation also has been performed on both 
male and female patients without difficulty. Although end results on 
the patients are not yet available, the immediate results are most grati- 
fying. 

Anatomy . — A knowledge of the anatomy of the femoral canal and 
ring is most important in repairing a hernia in this region. Cooper, 1 
in 1804, did much to clarify the understanding of the anatomy by 
publishing bis studies and first described the ligament which hears 
his name. 

Oil the medial side the femoral ring is hounded by (iimbernat’s liga- 
ment: on tlu> outer side lies the femoral vein; the anterior portion of 
tlie ring is formed by Poupart’s ligament, and tile posterior aspect 
or tloor is formed l>v Cooper's ligament, which covers the ramus of the 
pubis. This ligament gives rise to the pectineal fascia and muscle. 


mir.viors operations for femoral hernia 

Passim.-' in l MM. wrote what still remains the outstanding paper on 
femoral hernia, ltt it he describes his operation for repair, carried out 
below I'oupart's ligament. After ligating the sac and freeing the sur- 
rounding structures of alt loose areolar tissue, he used three or four 
interrupted sutures to unite Poupart’s ligament to the pectineal fascia 
Several additional sutures then eWd the falciform process of the 
fasem lata. He operand in this manner at times U j um fri patients, 
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tlic hernia being bilateral in three. The course of all patients was 
without fever or complication. All cases were followed after operation 
and all were without recurrence; 29 cases for from 3 to 9 years; 14 
from 2 to 3 years; 5 from 12 to IS months, and 4 less than 6 months 
after operation. Bassini's record lias yet to be equalled. 

Atmandale, 3 in 1876, employed the inguinal approach for the repair 
of femoral hernia; the only case reported had a recurrence. In 1907, 
Moschkowitz 4 described the operation of uniting Poupart’s to Cooper’s 
ligament carried out through an inguinal approach and reported 
eighteen eases repaired in this manner without a recurrence. Ferguson 5 
described his operation for femoral hernia in 1895, one year after 
Bassini’s publication; the two procedures are very similar. Cushing, 0 
in 1S88, reported one case closed from below Poupart’s ligament by 
means of a single “quilted suture,” uniting Poupart’s to the pectineal 
fascia. Other authors who have contributed to the literature, describ- 
ing modifications of the two standard operations, are Lotheissen/ Dick- 
son, 3 and Andrews. 0 


Follow-up Reports . — McClure and Fallis 10 report 90 cases of repair 
of femoral hernia. Their study shows a recurrence rate of 9.7 per cent 
in patients whose hernia was repaired by the femoral route and 7.4 
per cent for those repaired by the inguinal route. Shelley, 11 in 222 
femoral hernias repaired from below Poupart’s ligament, found a 
recurrence rate of 3.6 per cent. Watson 12 reports 19 recurrences in 469 
operations by the femoral route (4.05 per cent) and 10 recurrences 
in 206 operations by the inguinal route (4.85 per cent). 

New York Hospital Experience . — At the New York Hospital from 
September, 1932, through November, 1940, a repair of femoral hernia 
was carried out 121 times upon 113 patients. An interval of at least six 
months since the last of these operations permits a review of end re- 
sults. Follow-up since operation has been impossible in only two cases. 
The remainder have all been seen personally in the surgical follow-up 
clinic and examined there by a member of the surgical department. 


Of the 113 patients, 95 were women and IS men. Of the hernias, 
100 occurred in female and 21 in male patients. Hernias presented 
on the right side in 84 instances and on the left in 37. In 5 patients 
the hernia was bilateral. 


The ages of patients ranged from 15 to TO years of age in the female 
and from 10 to 66 in the male. The duration of the hernia preceding 
operation varied from 1 day to 32 years. 

At the time of the first operation in this hospital, 4 hernias were 
'rent ^ile five, recurring after operation here, were again sub- 
*' e ^ tQ 0 p er ative treatment. Therefore, 9 recurrent hernias are in- 

-f , • t1 ,p, venort. To date, only 1 of this group has recurred. 

In 10 eases the hernia was strangulated but m only 1 was a resection 


of the bowel necessary. 
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At the time of operation associated conditions included varicose veins 
in 6 and diabetes mellitus in 2, while hypertension, syphilis, goiter, 
pernicious anemia, chronic bronchitis, and subacute bacterial en- 
docarditis were picsent each in 1 ease. 

During this period in the New York Hospital theie have been 11.4 
inguinal hernias repaired to each femoral hernia. 

Infection in the wounds in tluee patients as a postoperative compli- 
cation is recorded and 1 each had a hematoma, thrombophlebitis, ceie- 
bral embolism, and cjstitis In the patient who de\ eloped cystitis the 
bladder was opened accidentally at the time of opeiation. 

There were no deaths alter operation in the series of 113 patients. 
In four patients the last r i.sit was less than 6 months alter opeiation. 
thiee of these died within 6 months of their discharge. Therefore, 
theie are 113 opeiations upon patients who have been traced, seen, 
and examined 6 months to 8 rears after operation One hundred and 
six operations ha\c been checked one year after they weie perfoimed 
It is generally agieed that 90 per cent of hernias which recur do so 
within the first >e.tr alter opeiation save when a leciment hernia is 
icpatred or when the wound becomes infected. In this series all ic- 
euiienees were noted within a rear save two, one of which had been 
lepa'ned preriouslr and one m which a wound infection dereloped 

In the method of repair, theie have been minor variations. All 
operations hare been divided into two gioups: in the fiist the appioach 
was made below Poupari’s ligament (40 cases), and in the second the 
appioach was ahore this stiuetuie (SI eases'). 

Theie weie S leeuuences m the 121 hennas and each of these had 
hum np.mcd fiom ahore Poupmt's ligament, a lecuimiee rate of 6 6 
per cent foi all cases and 10 per cent lor those icpaued by the inguinal 
lonte A summon ot the histones of the patients witli leeuuences of 
henna following opeiatum is piesented later. 
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■i (Case 02). — A 34-year-old white woman had a right femoral hernia repaired 
with silk through an inguinal approach under local anesthesia. Despite a normal 
recovery after operation, this hernia recurred in S months. The hernia was again 
repaired and the patient has remained well for 1 year. 

5 (Case 07). — -A 55-year-old white woman was admitted with bilateral femoral 
hernia. Ten years previously, at another hospital, the left side had been repaired 
but the hernia recurred within 0 months. Under ethylene anesthesia a bilateral 
repair was carried out with catgut as suture material. On the left side, although 
approached from above Poupart’s ligament, it was necessary to divide this struc- 
ture in order to reduce the hernia. After 5 years there is a recurrence on tins 
side. 

0 (Case SO). — A 48-year-old white man, with a right femoral hernia repaired 
with silk under local anesthesia, developed an infection of his wound. Again an 
inguinal approach had been used. Three years later this hernia recurred. 

7 (Case 90). — In a 51-year-old-male a right femoral hernia was repaired with 
silk under local anesthesia; it was approached from above Poupart’s ligament. 
Convalescence was uneventful but the hernia recurred within 10 months. After 
another operation he has remained cured for 2 years. 

8 (Case 110). — A 32-year-old white woman with a right femoral hernia had been 
operated upon in another hospital, 1 year previously, for an inguinal hernia which 
was not found. Repair with silk under local anesthesia and inguinal approach were 
followed by a smooth convalescence but a recurrence was noted 2 months later. This 
patient was again operated upon 2 months ago and remains well to date. 

In the repair of a femoral hernia no single type of operation can 
be used for every ease. A strangulated femoral hernia, for instance, 
should be approached from above Poupart’s ligament so that an in- 
testinal resection can be carried out if necessary. The method here 
described approaches the hernia from below Poupart’s ligament but 
the repair is carried out as advocated by those who use the inguinal 
approach. Poupart’s is sutured to Cooper’s ligament, closing the 
femoral canal at its internal opening without the additional strain of a 
repair of the floor of the inguinal canal and also without the incision 
of the transversalis fascia. 

SUMMARY AND CONCLUSIONS 

1. A procedure which combines the better features of the two stan- 
dard operations for the repair of a femoral hernia is presented. 

2. The usual operations for femoral hernia are described and dis- 
cussed. 

3. The experiences with the surgical treatment of femoral hernia 
at the New York Hospital are reviewed with particular emphasis on 
late results mid recurrences. 

4. Nr jingle type of operation or approach can be used advan- 
tageously for the repair of every femoral hernia. The rate of recur- 
rence is higher in those cases which are approached from above Pou- 
part’s ligament. Cooper’s ligament may be sutured to Poupart’s as 
effectively from below as from above Poupart’s ligament. 
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•1 (Case 02). A 3-1-year-okl white woman had a right femoral hernia repaired 
with silk through an inguinal approach under local anesthesia. Despite a normal 
recovery after operation, this hernia recurred in S months. The hernia was again 
repaired and the patient has remained well for 1 year. 

5 (Case 67). A 55-year-old white woman was admitted with bilateral femoral 
hernia. Ten years previously, at another hospital, the left side had been repaired 
but the hernia recurred within (i months. Under ethylene anesthesia a bilateral 
repair was carried out with catgut as suture material. On the left side, although 
approached from above Poupart’s ligament, it was necessary to divide this struc- 
ture in order to reduce the hernia. After 5 years there is a recurrence on this 
side. 

0 (Case SO). — A 48-year-old white man, with a right femoral hernia repaired 
with silk under local anesthesia, developed an infection of his wound. Again an 
inguinal approach had been used. Three years later this hernia recurred. 

7 (Case 90). — In a 51-year-old-male a right femoral hernia was repaired with 
silk under local anesthesia; it was approached from above Poupart’s ligament. 
Convalescence was uneventful but the hernia recurred within 10 months. After 
another operation he has remained cured for 2 years. 

8 (Case 116). — A 32-year-old white woman with a right femoral hernia had been 
operated upon in another hospital, 1 year previously, for an inguinal hernia which 
was not found. Repair with silk under local anesthesia and inguinal approach were 
followed by a smooth convalescence but a recurrence was noted 2 months later. Tins 
patient was again operated upon 2 months ago and remains well to date. 

In the repair of a femoral hernia no single type of operation can 
be used for ever}’ ease. A strangulated femoral hernia, for instance, 
should be approached from above Poupart’s ligament so that an in- 
testinal resection can be carried out if necessary. The method here 
described approaches the hernia from below Poupart’s ligament but 
the repair is carried out as advocated by those who use the inguinal 
approach. Poupart’s is sutured to Cooper’s ligament, closing the 
femoral canal at its internal opening without the additional strain of a 
repair of the floor of the inguinal canal and also without the incision 
of the transversalis fascia. 


SUMMARY AND CONCLUSIONS 


1. A procedure which combines the better features of the two stan- 
dard operations for the repair of a femoral hernia is presented. 

2. The usual operations for femoral hernia are described and dis- 


cussed. 

3 The experiences with the surgical treatment of femoral hernia 
at the New York Hospital are reviewed with particular emphasis on 
late results and recurrences. 


4 No single type of operation or approach can be used advan- 
tageously for the repair of every femoral hernia. The rate of recur- 
• & is higher in those cases which are approached from above Pou- 
iel1 !? licr-iment Cooper’s ligament may be sutured to Poupart's as 
effectively from below as from above Poupart’s ligament. 
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dilated;, and the respirations decreased to 14. He became difficult to arouse. A 
provisional diagnosis was made of slow hemorrhage from the left middle meningeal 
artery and the operating room prepared for exploratory trephine. Meanwhile, 
x-ray of the skull showed a horizontal transverse fracture across the entire frontal 
bone just above the sinus level. Before operation at 9:30 P.il. the respirations had 
receded to 12 and the temperature was 103° F. The pulse pressure was 50. I 
exposed the left middle meningeal artery and found it to be intact but quite large. 
There was no evidence of bleeding from the anterior or posterior branch. The 
dura, however, was tense and bulged and upon its incision there was a copious gush 
of clear subdural fluid. The brain was gently retracted and at least 2 oz. (60 c.c.) 
of the fluid quickly ran out. Within ten minutes the patient awakened on the table 
and responded to questioning. A drain was placed in the subdural space and the 
dressings were very wet for thirty-six hours, when they were changed and the drain 
removed. Twelve hours after the operation there was practically complete return of 
function of the right side and the pupils had receded to normal size. The tempera- 
ture fell by lysis in three days and the patient was discharged on the tenth day 
postoperatively with no complaints, talking well, and with no residual paralysis. A 
follow up two years later showed a bright healthy child with no recurrence of attacks 
since the operation. 

COMMENTS 

This case illustrates that the typical symptoms and signs of epi- 
dural hemorrhage can be simulated by an acute collection of clear sub- 
dural fluid. It shows the harmful effects from the use of morphine 
sulfate or its derivatives in the treatment of status epilepticus, and the 
emergency’ value of intranasal carbon dioxide and oxygen, coramine, 
spinal drainage and dehydration in acute cerebral compression, and, 
finally, the therapeutic value of draining the subdural space. The large 
amount of clear subdural fluid removed was taking up as much space 
and exerting as much pressure against the brain as would an equivalent 
volume of epidural or subdural liquid blood or clot. 
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ACUTE SUBDURAL HYDROMA SIMULATING SYNDROME OF 
EXTRADURAL HEMORRHAGE 
Michael. Scott, M.D., F.A.C.S., Philadelphia, Pa. 

(From the Department of Neurology and Neurosurgery, Temple University Rospital 

and Medical School) 

A LTHOUGH the classical signs and treatment for acute epidural 
hemorrhage are well known, it is not generally recognized that 
following head trauma an acute unilateral collection of clear fluid in 
the subdural space maj’ give rise to similar symptoms and demand 
prompt operative drainage of the subdural space. Naffziger, 1 Cohen, 3 
Dandy, 3 Love,' 1 Walsh and Sheldon 3 and others have called attention to 
collections of clear. fluid in the subdural space following head trauma 
resulting in symptoms of cerebral compression often simulating sub- 
dural hematoma. This accumulation of fluid may result in acute ov 
chronic symptoms, and since it cannot be removed by spinal drainage, 
an opening in the dura is necessary. It is believed that the fluid enters 
the subdural space through a rent in the arachnoid and becomes trapped. 

Case 1 illustrates how an acute collection of this clear fluid in the 
subdural space can simulate the classical symptoms and signs of middle 
meningeal extradural hemorrhage. 


Case 1. — P. S., aged 9 years, was admitted to the neurosurgical service on May 
7, 1939, with a history of head injury followed hy right-sided jacksonian convul- 
sions, right hemiparesis, and cyanosis. There was no history of previous attacks. 
At 2:30 F.M., one hour after the injury, twitching began of the right side of the 
face and the right hand, t lie patient became unconscious, the entire right side of the 
body convulsed, and the child became very cyanotic. A physician found the boy 
in right-sided status epilepticus, very cyanotic, and noticed that the left pupil was 
markedly dilated. He gave pantopon, gr. %, hypodermically and in fifteen min- 
utes the attack stopped but the patient became more cyanotic and the respirations 
decreased to eight per minute. The boy was admitted to the hospital and exmn- 
ined at 5:30 p.ji. He was in deep stupor. The pupils were now constricted and 
equal in size. The respirations were 6 and sigliing in, type. The pulse was diffi- 
cult to feel. Carbon dioxide in oxygen, 10 per cent, was given intranasally and 3 


o-r. of coramine were given subcutaneously. Lumbar puncture showed a pressure 
of 12 mm. of mercury with slightly pink spinal fluid. Because an epidural hemor- 
rhage was suspected only 4 c.c. were very slowly removed, leaving a Anal pressure of 
S mm. of mercury. In fifteen minutes the respirations rose to 12, he reacted to 
painful stimuli, and it was noticed that a right hemiparesis with Babinski sign was 
t The patient was then given a hypertonic magnesium sulfate enema (mag- 
xmsium sulfate crystals, 3 oz.; glycerin, 1 oz.; and water, 12 oz.). By 7:30 !’.«■ 

, } lours after the injury) the respirations were up to 10, the boy opened his 
' S ' X au( j moved the right side slightly. The left pupil was only slightly 

ejes, - : a* S:0Q r.M. the patient became drowsv again, the left pupil 

larger than tue rl o‘ 
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dilated, and the respirations decreased to 14. He became difficult to arouse. A 
provisional diagnosis was made of slow hemorrhage from the left middle meningeal 
artery and the operating room prepared for exploratory trephine. Meanwhile, 
x-ray of the skull showed a horizontal transverse fracture across the entire frontal 
bone just above the sinus level Before operation at 9:30 p.m. the respirations had 
receded to 12 and the temperature was 103° F. The pulse pressure was 50. I 
exposed the left middle meningeal artery and found it to be intact but quite large. 
There was no evidence of bleeding from the anterior or posterior branch. The 
dura, however, was tense and bulged and upon its incision there was a copious gush 
of clear subdural fluid. The brain was gently retracted and at least 2 oz. (60 c.c.) 
of the fluid quickly ran out. Within ten minutes the patient awakened on the table 
and responded to questioning. A drain was placed in the subdural space and the 
dressings were very wet for thirty-six hours, when they were changed and the drain 
removed. Twelve hours after the operation there was practically complete return of 
function of the right side and the pupils had receded to normal size. The tempera- 
ture fell by lysis in three days and the patient was discharged on the tenth day 
postoperatively with no complaints, talking well, and with no residual paralysis. A 
follow-up two years later showed a bright healthy child with no recurrence of attacks 
since the operation. 

COMMENTS 

This ease illustrates that the typical symptoms and signs of epi- 
dural hemorrhage can be simulated by an acute collection of clear sub- 
dural fluid. It shows the harmful effects from the use of morphine 
sulfate or its derivatives in the treatment of status epilepticus, and the 
emergency value oE intranasal carbon dioxide and oxygen, eoramine, 
spinal drainage and dehydration in acute cerebral compression, and, 
finally, the therapeutic value of draining the subdural space. The large 
amount of clear subdural fluid removed was taking up as much space 
and exerting as much pressure against the brain as would an equivalent 
volume of epidural or subdural liquid blood or clot. 

REFERENCES 

1. Naffziger, H. C. : Subdural fluid Accumulation Following Head Iniurv T A 

if. A. 82: 1751-1752, 1924. J J, ■ ■ 

2. Cohen, Ira: Chronic Subdural Accumulation of Spinal Fluid After Crania] 

Trauma, Arch. Neurol. & Psyehiat. 18: 709-723, 1927. 

3. Dandy, W. E.: Practice of Surgery, Dean Lewis, editor, Vol. XII p 306 1330 

4. Love, J. S.: Bilateral Chronic Subdural Hydroma, J. Nerv & Merit n;= or. 

161-166, 1937. 00 * 

5. Walsh, M. N., and Sheldon, C. H.: Acute Subdural Hydroma Proc Staff Meet 

Mayo Clin. 12: 134-135, 1937. * ’ Staa AIeet - 





RECENT ADVANCES IN SURGERY 


155 


the innominate vein and upper portion of the pericardium where 
they form the body of the gland, although they never actually fuse. 
After the second month of embryonic life the solid epithelial cords are 
transformed into a loose network of epithelial cells. These proliferate 
to form rounded masses which are the lobules. The lobules are never 
entirely separated from one another since they represent projections 
from a central core of thymic tissue. There is an ingrowth of blood 
vessels. Connective tissue from the adventitia of these blood vessels 
and from the capsule of the gland forms a stroma. With the appear- 
ance of blood vessels in the thymus the interstices of the network of 
epithelial cells become filled with the small thymic cells and the lobules 
are definitely divided into a cortex and medulla . 2 - 4 
The origin of the small thymic cells is uncertain but they are prob- 
ably identical with lymphocytes. The epithelial cells in the thymus are 
derived from the entoderm of the third pharyngeal pouch. During the 
process of differentiation of the thymus into cortex and medulla, con- 
centric masses of cells appear in the sheets of epithelial cells of the 
medulla. These are the Hassall corpuscles and are commonly believed 
to be derived from the epithelium of the medulla. 4 '® Norris , 7 however, 
has recently stated that the thymus has both an entodermal component 
derived from the third pharyngeal poueh and an ectodermal component 
derived from the third branchial cleft through the cervical sinus. He 
believes the Hassall corpuscles are derived from the ectodermal elements 
and not from the epithelium of the medulla, which is of entodermal 
origin. This view has not yet been widely accepted. 

In the normal infant, at birth, the lobules of the thymus are sharply 
divided into a cortex and medulla. The cortex consists of closely packed 
masses of lymphocytes. Scattered among these lymphocytes there are a 
few large cells with ovoid, pale-staining nuclei, and moderate amounts 
of poorly oirtlined cytoplasm. These are indistinguishable from the 
similar but more numerous epithelial cells of the medulla. Occasional 
blood vessels are seen in the cortex. Little connective tissue stroma 
seems to be present. 


There is a loose stroma of connective tissue in the medulla. Many 
epithelial cells are present and in some areas they form irregular sheets 
in which the individual cell outline is lost. At varying intervals in them 
there are the concentric masses which are Hassall corpuscles. The Has- 
sall corpuscles undergo hyaline necrosis and often calcification. Their 
number, age, and size vary greatly with the individual gland. Lympho- 
e>tes are scattered through the medulla but are present °in much smaller 
numbers than m the cortex. Other types of cells, chiefly eosinophiles 
are often found m the medulla. The blood supply 0 f each lobule passes 
through the medulla into the cortex, and vessels of considerable size are 
present in the medulla. 

In the debate about the origin of the small thvmie cells and 

•»— •» whati. s „ 
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stated that the lnimau thymus does not contain lymphoid follicles. 8 ' 11 
Lymphoid follicles with germinal centers have been described in the 
thymus of the eat. 12 They have also been described in the human thy- 
mus in hyperthyroidism 13 and myasthenia gravis. 14 ' 15 As will be shown, 
the presence of lymphoid follicles with germinal centers is a prominent 
aspect of the changes seen in several of the thymus glands examined 
from patients with myasthenia gravis (Pig. 10). 

The presence of lymphoid follicles with germinal centers in these 
glands led to a careful search of normal thymus glands for such follicles. 
Surprisingly enough they were found in the medulla of 14 of 150 
glands from people who died suddenly without previous chronic disease. 
The lymphoid follicles had a typical configuration with a central area of 
irregular, large, pale cells grouped about a small blood vessel and sur- 
rounded by a ring of small lymphocytes. Large lymphocytes were scat- 
tered through the follicles and occasional mitotic figures could be seen. 
The cells forming the germinal centers differed markedly from the 
epithelial cells of the medulla, and the follicles did not have the stroma 
found elsewhere in the medulla. The lymphoid follicles were not found 
in the cortex. 

When present in normal thymus glands the lymphoid follicles were 
found only in small numbers. Occasional lymphoid follicles might pos- 
sibly be found in most normal glands if serial sections were cut. In this 
series of 350 cases they were not present in markedly involuted glands 
or in those of the fourteen normal infants under 3 years of age examined. 

ANATOMY 

In the removal and dissection of the 350 thymus glands examined, the 
gross anatomy was studied and, except for minor details, was found to 
be that given in standard textbooks of anatomy. 16 ' 17 The thymus in 
the adult is a roughly triangular gland lying beneath the sternum m 
the anterior mediastinum and often extending into the neck. It con- 
sists usually of two lobes which may vary greatly in size or may be 
further subdivided. The lobes of the thymus in the normal adult are 
reddish yellow in color and are firmer than the surrounding yellow 
mediastinal fat in which they lie and from which they can be dissected 
easily. 

Cervical extensions of the lobes of the thymus are present in the 
majority of cases. These extend into the neck and may reach the base 
of the thyroid gland. They may be partially or almost completely sep- 
arated from the thoracic portions of the gland. Often only one cervical 
extension is present, the other lobe being entirely intrathoraeic. They 

•e freciuently connected to the base of the thyroid by thin strands of 
fibrous tissue] the so-called thyrothymic ligament, in which tiny blood 

vessels - s se p a rated from the sternum by a thin but definite film 

^ 16 J ve tissue which must be incised to expose the gland, 

of loose connective 
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Through this run small blood vessels connecting the structures in the 
anterior mediastinum with the internal mammary vessels. Overlying 
the thymus partially on each side are the pleural reflections which must 
be dissected laterally in order to expose the gland adequately. The 
thymus may extend inferiority over the pericardium to the third, fourth, 
or fifth ribs. It may extend laterally to the phrenic nerve and liiltun of 
the lung, although this is rare in the adult. The gland lies on the peri- 
cardium and great vessels to which it is attached by strands of connec- 
tive tissue, apparently a continuation of the pretracheal division of the 
deep cervical faseia in the mediastinum. This connective tissue also 
attaches the lobes to one another. The thymus is in especially close 
contact with the left innominate vein and it may partially surround this 
vessel. In the neck the cervical extensions lie beneath the pretracheal 
division of the deep cervical fascia and the sternothyroid muscles. They 
overlie the trachea and large vessels in the neck (Fig. 1). 

Abnormalities in the position and shape of the thymus are not un- 
common. 18 Complete absence of the gland in the infant has been re- 
ported. 13 Occasionally one lobe may be quite small or may lie entirety 
within the neck. The cervical extensions may reach superiorly beyond 
the thyroid. Thymic tissue has been described far laterally in the neck. 20 
Tiny aberrant nodules of thymic tissue in the neck have been reported 
as occurring rather frequently in children. 21 The position of these 
nodules may vary greatly. Usually they are found about or within the 
thyroid. They have been reported in the larynx 22 and in the ear. 23 The 
gland may lie beneath the innominate vein and one case has been seen 
in the present series of 350 cases in which the lobes crossed over each 
other, one anterior to the innominate vein, and one posterior to it. 

In the specimens examined, no aberrant nodules of thymic tissue were 
found. However, it was impossible to expose the neck region adequately 
and such nodules, even if present, might easily have been missed. 

The arterial supply of the thymus (Fig. 2) is- derived from three chief 
sources: the internal mammary arteries, the inferior thyroid arteries, 
and the pericardiophrenic arteries. The principal portion of this ar- 
terial supply arises from the internal mammary artery near the sterno- 
clavicular joint. In addition to observations made on autopsy speci- 
mens and at operation, two dissections in cadavers have confirmed this. 
A branch supplying the thymus has also been found arising from the 
transverse scapular artery.* 

The venous return from the thymus passes into a network of veins 
on the posterior surface of the thymus, between the thymus and the 
pericardium. Here a single large vein draining each lobe is formed. 
This may empty directly into the left innominate vein or may join the 
vein from the other lobe to form a single large vessel emptying into the 
left inn ominate vein. The inferior thyroid veins and the thyroidea ima 

for\^e e iSraUo“3. Were Carr ' ed 0Ut by Miss Browning the medical artist responsible 
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Fig-. 1,— Relation of the thymus to the mediastinal structures. 
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normal served to emphasize certain facts which have not been under- 
stood by previous writers describing the thymus in patients with myas- 
thenia gravis. 

In the child the thymus is a thick, solid, pinkish-gray gland which 
fills the anterior mediastinum. At about the age of puberty the gland 
undergoes marked changes. It becomes longer and more narrow as it 
comes to occupy a relatively smaller portion of the anterior mediastinum, 
although it actually may be larger than in childhood. The gland under- 
goes involution ; that is, much of the thymic tissue present is replaced 
by adipose tissue lying between and widely separating the individual 
lobules from each other, and simultaneously the number of lymphocytes 



Fig. 3. — Normal thymus of a child (11-year-old colored girl). The cortex 
medulla are sharply differentiated ; there is no age involution and the lobules are n 
separated by adipose tissue (magnification X20). 


in the cortex and medulla diminishes. However, with rare exceptions 
thymic tissue can be found in any person, whatever his age, duration 
of illness, or cause of death. The thymus can still be recognized as two 
masses of fatty tissue which preserve the outlines of the lobes of the 
thymus and which can be dissected easily from the surrounding medias- 
tinal fat. This tissue will contain small amounts of thymic tissue which 
can be identified easily on microscopic examination. If the patient is 
emaciated and has lost most of the body fat, the thymus will be present 
as two thin, translucent tongues of grayish tissue overlying the peri- 


C£l Histologically in the child the gland consists almost entirely of thymic 
CfI" 3)- The cortex > fifi e d with closely packed lymphocytes, 
tissue overshadows the medulla, from which it is sharply de- 

surrou we il.f 0 rmccl lobules are separated only by thin strands 

marca cc • - There is no adipose tissue between the lobules. 
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At about the age of puberty the gland begins to undergo a process 
known as age involution. This atrophy or age involution consists, as 
mentioned above, of a decrease in the amount of thymic tissue present 
in each lobule and the separation of the lobules from one another by 
masses of adipose tissue. In the involuting thymus the lymphocytes 
first decrease in number and later there is a reduction in the number 
of epithelial cells present. It should be emphasized that in this process, 
although the relative amount of cortex decreases considerably, the dif- 
ferentiation of cortex and medulla remains distinct until the gland is 
so greatly involuted that only a few small, widely separated islands of 
thymic tissue remain in which there can be seen epithelial cells, scat- 
tered lymphocytes, and rare hyaline or calcified Hassall corpuscles (Figs. 
4 and 5). 



Pig:. 4.*— Normal thymus of an adult (a “white male, 37 years of age) ; there is mod- 
erate age involution. The cortex and medulla are sharply demarcated (magnification 

At any point in this process of age involution there may be an ac- 
celeration called accidental involution, brought on by illness 27 (Fig. 6). 
In a few days, even in infants, the lymphocytes may be markedly de- 
creased in number, leaving chiefly the stroma and irregular sheets of 
epithelial cells. There is no evidence of continued growth of adipose 
tissue between the lobules during this accidentally accelerated involution, 
and the adipose tissue may atrophy and actually decrease in amount 22 
The most interesting observations were made in patients meetiim acci- 
dental death in the same age group as the patients in this series with 
myasthenia gravis, i.e., 20 to 45 years. Roughly the weights of these 
glands paralleled those recorded by Hammar. 20 However, just as in his 
eases, the extremes of weight were great, so great in fact that an average 
weight for a given age group was meaningless. Any gland could be 
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considered abnormal only if it exceeded the maximum weight recorded 
in the series. In addition, for any given age the thymus glands lemoved 
from normal individuals showed greatly varying degrees of involution 
Some had undergone marked involution, consisting largely of fatty tissue 
and containing small lobules of thymic tissue. The thymic tissue pies- 
ent, however, showed a sharply distinguishable cortex and medulla. In 



Fig 5. — Normal thymus (magnification X20) of an adultt ( 39 -year-old white 
woman). Although from an individual of approximately the same age as that in rib 
4, there is a much greater degree of age involution 



_ a Volins’ adult (colored female, ID >cars old) who died after a 

— Thymes oi . mar k C cI accidental involution. The epithelium Is prominent 
Illness, na that in the th>mus stands of patients with myasthenia 
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others there was little involution. The amount of fat present was small 
and the gland was made up of large lobules of thymic tissue in which 
the cortex and medulla were clearly demarcated, the cortex being rela- 
tively smaller in relation to the medulla than in the child (Figs. 1 and 
5). This great variation in the amount of thymic and adipose tissue 
present in glands from normal individuals of the same age is clearly 
demonstrated in Hammar’s diagrams. 30 Thus, several factors served 
to make meaningless any figures arrived at as the average normal weight 
of the thymus in an effort to establish significant standards by which 
to judge the size of the thymus glands removed from patients with 
myasthenia gravis. One was the great variation in the total weights 
of normal thymus glands. The others were the variations in the actual 
amounts of thymic tissue and of adipose tissue present even in glands 
of similar weight. 

THE THYMUS IX TEX CASES OF MYASTHENIA GRAVIS 

It has long been known that in certain diseases, notably hyperthy- 
roidism, Addison’s disease, acromegaly, and myasthenia gravis, the thy- 
mus may not atrophy, as in many illnesses, and that it may show cer- 
tain rather characteristic changes. In some examples of myasthenia 
gravis the pathologic lesions found at autopsy may not be marked and 
may be limited to changes in the thymus. Norris 31 stated that 50 per 
cent of the eases of myasthenia gravis showed gross lesions of the thy- 
mus, and he believed that such lesions would be found in direct pro- 
portion to the care with which they were sought. In a series of fifty- 
four cases collected by Blalock and his associates 32 in which lesions of 
the thymus were present, these including all reported cases and one 
of their own, thirty-two showed tumors and twenty-two showed what 
was listed as persistence of hyperplasia. Lievre 33 recorded sixty-seven 
patients with myasthenia gravis in -whom complete autopsies were per- 
formed. In twenty-four of these there was a mediastinal tumor in the 
region of the thymus. In thirty-two there was what w r as called per- 
sistence or hypertrophy of the thymus. In eleven no lesions were found. 
Of the five cases of myasthenia gravis autopsied at the Johns Hopkins 
Hospital and reported by Miller, 14 two showed tumors of the thymus, 
two were reported as being hyperplastic, and in one no recognizable 
thymic tissue was found at autopsy. In a recent case autopsied at this 
hospital there was a malignant tumor of the thymus with metastases to 
the left pleural surfaces. Of the eight cases of myasthenia gravis autop- 
sied at the Mayo Clinic 34 one showed what was called nodular hyper- 
plasia and the other a malignant thymic tumor with metastatic implan- 
tations on the pleura. No lesions were found in six cases. The total 
number of autopsied cases of myasthenia gravis reported up to the 
present time, including eight autopsied at the Mayo Clinic, is now stated 
to be ninety-nine, and in 45 per cent of these, anatomic lesions of the 
thymus have been found. 33 
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Many of the thymus glands recorded in the literature as pathologic 
are listed as persistent, enlarged, or hyperplastic glands. It has been 
demonstrated that mere persistence of the thymus is not pathologic. 
The weights recorded in many of the so-called enlarged glands lie well 
within normal variations of weight for the thymus. Of the twenty-two 
glands listed in Blalock’s series 32 as showing persistence or hyperplasia, 
the weight is recorded in ten. In only four is the weight in excess of 
normal and one of these cases, that of Mott and Barrada , 30 is probably 
a thymic tumor. The thymus glands reported as being hyperplastic 
have been described as showing lymphoid or epithelial hyperplasia 
without any detailed description of the changes present. Most atten- 
tion has been centered on the tumors of the thymus in myasthenia gravis. 

The material to be presented here provided an opportunity to exam- 
ine ten thymus glands in which no tumor was present and to compare 
them with thymus glands of individuals in the same age group meeting 
sudden or accidental death. The clinical aspects of six of these cases 
have been reported by Blalock and his co-workers . 1 In the six cases 
when the glands were removed at operation, representative blocks were 
taken and the remainder quickly frozen for later extraction. For this 
reason the gross descriptions of these thymus glands are somewhat 
meager. Only one of the glands was weighed and no' measurements 
were taken in two eases. At a later date the portions of the glands 
which had been frozen were thoroughly sectioned to ascertain the pres- 
ence of small tumors which might have been missed previously.. At this 
time further blocks were taken for microscopic examination. The thy- 
mus glands in the four additional cases were accurately weighed and 
measured, none being taken for extraction. 


REPORT OF CASES 

Case 1. — P. C., a 33-year-old colored male, had an eight months’ history of in- 
creasingly severe weakness, requiring before operation a total daily oral dose of 
240 mg. of prostigmine bromide before he could get out of bed and feed himself. 
There was no clinically recognizable lymphoid hyperplasia. 

At operation the thymus was found to extend in the midline from the base of 
the thyroid to the fifth costal cartilage. Made up of well-formed, firm tissue, the 
gland could not be confused with fat. (The operator identified but a single lobe 
of the thymus and the possibility remains that the patient retains Iris other lobe.) 
The tissue removed was not weighed or measured and no tumor was found. 

Microscopically, the thymus showed evidence of involution, for the lobules of 
thymic tissue weie separated by considerable amounts of fatty- tissue. The cortex 
consisted of small masses of closely packed lymphocytes. It was poorly demarcated 
from the medulla because the medulla was diffusely infiltrated with many ly-mpho- 
, jjj places the medulla contained rounded accumulations of lymphoid cells 
nd in two areas were small groups of large, pale, irregular cells resembling those 
a in terminal centers. These were not surrounded by the ring of small lympho- 
ECen usually seen in lymphoid follicles. Considerable numbers of epithelial cells 
cytes us ^ medulla. Despite the infiltration with lymphocytes, the opi- 


were pi aceg formed irregular sheets. However, no evidence of epithelial 

theual c . nre-ent. A moderate number of Hassall corpuscles was seen and 

Ssro/Sse showed hyaline necrosis. 


present 
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Case 2.— K. L., a white woman, 28 years of age, had progressively severe weak- 
ness for a year. On admission she was taking 1 Gm. of guanidine and six or seven 
30 mg. doses of prostigmine bromide each day. Still she was confined to bed. There 
was no clinical lymphoid hyperplasia. 

At operation, a gland twice the size of that in Case 1 was found. It was formed 
of two lobes which began at the lower poles of the thyroid, extended downward as 
tiro separate lobes to the level of the third costal cartilage, and then formed a 
single mass which terminated at the level of the fifth costal cartilage. The thymic 
tissue was grossly firm and well formed. No measurements were taken. There was 
no tumor present. 

On microscopic examination there was a moderate degiee of involution, for the 
distinct lobules of the gland were separated from one another by adipose tissue. 
Again there was considerable amount of cortical tissue consisting of rather closely 
packed masses of lymphocytes. The cortex was greater in amount and the lympho- 
cytes more closely packed than in thymus glands with a similar degree of involution 
in individuals of the same age. The differentiation between cortex and medulla was 
less sharp than normal. The medulla was diffusely infiltrated with lymphocytes 
and these tended to separate the epithelial cells so that they weie scattered individ- 
ually through the medulla and did not form the irregular sheets usually seen. There 
were no lymphoid follicles present in the medulla and there was no epithelial hyper- 
plasia. The many large Hassall corpuscles showed hyaline necrosis. 



Fim 7.— Thymus of patient in Case 3 (32-,vear-old colored female) There W a 
sreat increase in the number of lymphocytes present, especially in the medulla - the 
demarcation between cortex and medulla is Indistinct. Lymphoid follicles with 
germinal centers can be seen l magnification X20). es wun 


Case 3. — L, K., 22-year-old colored woman, had a six-year history, the disease 
being moderately severe for three and one-half years. On admission she required 
105 to 120 mg. of prostigmine bromide a day hut remained severely handicapped 
by her illness. There was no clinical evidence of lymphoid hyperplasia. 

Operation disclosed a large, firm thymus with well-defined right and left 
lobes. These extended from the lower poles of the thyroid to the level of the 
third interspace and in their thoracic positions spread rather far laterallv The 
rigid lobe measured 0 by 2.3 by 0.S cm., and the left lobe 15 by 2.5 by ‘o 8 cm 
No tumor was found. ' 
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Involution in this gland (Fig. 7) was slight and it consisted almost entirely of 
thymic tissue. Areas of cortex were seen but these were so poorly demarcated from 
the medulla, which was densely infiltrated with lymphocytes, that each lobule pre- 
sented an almost homogeneous appearance. In the medulla there were numerous 
large, lymphoid follicles with prominent germinal centers. In many of these, mi- 
totic figures were present. The epithelial cells in the medulla were widely sep- 
arated and almost obscured by the many lymphocytes. There was no evidence of 
epithelial hyperplasia. Few Hassall corpuscles were preseut in the gland. 

The lack of involution in this thymus was not unusual, for occasional glands 
in normal individuals of the same age showed as little involution as was present 
here. However, in such normal thymuses the cortex and medulla were sharply 
demarcated and each contained fewer lymphocytes. 

Case 4. — H. M., a woman 39 years of age , had a five and one-half-year history 
of mild myasthenia gravis, weakness being limited largely to those muscles inner- 
vated by the cranial nerves. The patient died following operation. 

Operation allowed a moderate amount of thymic tissue above the innominate 
veins, although the majority of the gland lay over the pericardium. The two large 
lobes extended from the midline rather far to either side, the left lobe reaching 
the hilum of tiie left lung. Tiie right lobe measured 9 by 3 by O.S cm., the left 
lobe 15.5 by 2 by 0.5 cm. There was no tumor present. 



pig. 8 . — Thymus of Case 4 (a white woman, 39 years of age). Although there is 
marked age involution, the increase in the size of the lobules due to the mcreaseu 
number of lymphocytes present is easily seen (magnification X20), 


Sections of this gland (Fig. S) differed in some respects rather markedly from 

those already described. Involution was far advanced, for the thymus contained 

1 se amounts of adipose tissue and only small scattered lobules of thymic tissue, 

ht these lobules were much larger than in normal glands showing a similar degree 

v • lution. No differentiation between cortex and medulla was visible. Instead, 

0 m j;rr„ae infiltration of each lobule of tissue with Ivmphocvtes which could 
there was oiuuse m f 

be seen spreading 


■ into the fatty tissue about the remnants of the thymus. Several 


The epithelium was over- 


" •('.follicles with germinal centers wore present. 
lymphoi Tvmnhoid cells and only small amounts were seen. Rare, small 

shadowed by the ‘.'“‘V 
BassaU corpuscles were foun . 
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la normal glands at this stage of involution few lymphocytes were present and 
the small lobules consisted almost entirely of epithelial- cells and stroma. 

Autopsy was limited to the thorax and none of the endocrine glands were ob- 
tained for examination. The thymus had been completely removed at operation. 
There was no lymphoid hyperplasia present in the thorax. 

Case 5.— S. S., a 30-year-old white woman, had for seven months moderately 
progressive weakness until before operation she required 120 mg. of prostigmine 
bromide each day. There was no clinical lymphoid hyperplasia. 

Most of the thymic tissue found at operation lay inferior to the innominate 
vein but there was a horn extending up on the left side to the inferior pole of 
the thyroid. At the upper part of the heart the lobes were broad and extended far 
laterally. The tliymie tissue was firm. The right lobe of the thymus measured 8 
by 2.5 by 0.8 cm., the left lobe measured S by 2.5 by 0.8 cm., while its cervical projec- 
tion measured 9 by 6.1 by 0.S cm. The gland weighed 30 gm. There was no tumor. 

Microscopic examination of this gland showed considerable involution, for the 
lobules of thymic tissue were wither widely separated by fatty tissue. The changes 
in this thymus were less marked than in any other of the series. The cortex and 
medulla were rather sharply differentiated. Epithelial cells were easily distinguish- 
able in the medulla and numerous Hassall corpuscles showing varying degrees of 
hyaline necrosis were present. There was no epithelial hyperplasia; however, the 
cortex showed a greater number of more closely packed lymphocytes than normal. 
There were abnormal numbers of lymphocytes in the medulla, and in places they 
formed small rounded accumulations. No lymphoid follicles with germinal centers 
were found. 

Case G. — M. W., a white woman, 34 years of age, had a two-year history of 
progressive weakness of moderate severity. On admission, 15 mg. of prostigmine 
bromide every two hours both day and night did not permit her to walk by herself. 
There was no clinical lymphoid hyperplasia. 

At operation the bilobed thymus extended from the thyroid gland to the fourth 
costal cartilage or slightly lower. Each lobe measured approximately 12 by 2,5 
by 0.8 cm. There was no tumor. 

The picture seen on microscopic examination of this thymus was like that seen 
in several of the other glands. There was a moderate degree of involution. The 
cortex was densely packed with lymphocytes and was more abundant than in normal 
glands showing a similar degree of involution. The medulla was heavily infiltrated 
with lymphocytes and the demarcation between cortex and medulla was indistinct. 
Numerous large lymphoid follicles with germinal centers were present in the medulla. 
The epithelial cells were partially obscured by the many lymphocytes about them. 
There was no epithelial hyperplasia. Many Hassall corpuscles showing hyaline 
necrosis were present. 

Case 7.—L. G., a white woman, 23 years old, had a five-year history of progres- 
sive weakness with remissions during two pregnancies. During the eight months 
preceding operation the patient’s symptoms were well controlled by 150 of 
prostigmine each day. There was no clinical evidence of general lymphoid hyper- 
plasia. 

At operation a firm, bilobed thymus was found. The right lobe measured 16 
by 3 by 0.S cm., the left lobe 14.5 by 3 by 0.S cm. The gland weighed 2S Gm. There 
were definite cervical extensions into the neck, the right lobe extending 1.5 cm 
higher than the left. The thymus grossly showed evidence of involution but many 
pinkish-gray lobules of thymic tissue were visible on section. On careful examina- 
tion there was no tumor to be fount}. 

On microscopic examination the gland showed definite evidence of involution for 
the lobules were separated by small amounts of adipose tissue. A recognizable cortex 
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Involution in this gland (Fig. 7) was slight and it consisted almost entirely of 
thymic tissue. Areas of cortex weie seen but these were so poorly demarcated from 
the medulla, which was densely infiltrated with lymphocytes, that each lobule pro 
sented an almost homogeneous appearance. In the medulla there were numerous 
large, lymphoid follicles with piominent geiminal centers. In many of these, mi- 
totic figures were present. The epithelial cells in the medulla were widely sep 
arated and almost obscured by the many lymphocytes. There was no evidence of 
epithelial hyperplasia. Few Ilassall corpuscles weie present m the gland. 

The lack of involution in this thymus was not unusual, for occasional glands 
in normal individuals of the same age showed as little involution as was present 
here. However, in such normal thymuses the cortex and medulla were sharply 
demarcated and each contained fewer lymphocytes. 

Case 4. — H. SI., a woman 39 years of age, had a five and one-half -year history 
of mild myasthenia gravis, weakness being limited largely to those muscles inner- 
vated by the cianial nenes. The patient died following operation. 

Operation showed a moderate amount of thymic tissue above the innominate 
veins, although the majority of the gland lay over the pericardium. Tiie two large 
lobes extended fiom the midline rather far to either side, the left lobe reaching 
the hilum of the left lung. The right lobe measured 9 by 3 by O.S cm., the left 
lobe 15.5 by 2 by 0.5 cm. Tlieie was no tumor present. 



t.- u: g, — Thymus of Case 4 (a white woman. 39 years of age). Although there i 
marked age involution, the inciease in the size of the lobules due to the jncrcascu 
number of lymphocytes present is easily seen (magnification X20). 


Sections of this gland (Fig. S) differed in some respects lather markedly from 
those already described. Involution was far advanced, for the thymus contained 
amounts of adipose tissue and only small scattered lobules of thymic tissue, 
t these lobules were much larger than iu normal glands showing a similar degree 
,u . . .. differentiation between cortex and medulla was visible. Instead, 

of mvo u infiltration of each lobule of tissue with lymphocytes vvlm.Ii could 

there was dilluse m . , . 


mdinn into the fatty tissue about the remnants of the thymus. Several 
he seen sP r J-‘ ° ^ pt, germinal centers were present. The epithelium was over- 
lymphoid to 1 Kmphoid cells and only small amounts were seen. Rare, small 
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torny two years before admission. Following this tlxe exophthalmos continued. A 
month after her thyroidectomy the patient had progressively increasing weakness 
until she remained a semi-invalid despite 45 mg. of prostigmine every four hours. 
There was no clinical lymphoid hyperplasia. 

At operation a small, firm, well-demarcated, bilobed thymus - was removed. The 
right lobe measured 12.5 by 3.5 by 1.0 cm., the left lobe 10.5 by 1.5 by 0.8 cm. 
The gland weighed 15 Gin. There was no tumor. 

There was involution of the thymus on microscopic examination for the lobules 
were separated by adipose tissue (Fig. 0). Each lobule was larger than normal 
due to a marked increase in the number of lymphocytes present in both the cortex 
and medulla. The normal sharp demarcation between cortex and medulla was lost. 
In the medulla were large numbers of lymphoid follicles with prominent germinal 
centers. There were also in the medulla irregular sheets of large, pale cells with 
poorly outlined cytoplasm. These epithelial cells were present in considerable num- 
bers but there were no more of them than can be found in many normal glands 
in patients of the same age group. There were moderate numbers of Hassall ’s cor- 
puscles present. These varied considerably in size and most of them were hyaline. 

Case 10. — H. M., a white woman, 27 years of age, bad a two-year history of 
progressively severe weakness. Six months after the onset of her illness she de- 
livered a child in a normal labor. On admission the patient was taking 90 to 135 
nig. of prostigmine each day. On this she did fairly well but each morning after 
a night without prostigmine she was unable to raise her arms. There was no clinical 
lymphoid hyperplasia. 

At operation a well-formed thymus with two lobes extending from the inferior 
pole of the thyroid to the fourth interspace was found. The right lobe measured 
13 by 3 by 0.8 cm., and the left lobe 15.5 by 2.2 by 0.7. The gland weighed 25 
Gm. No tumor was present. 

On microscopic examination the thymus showed definite involution for the lobules 
were separated by small amounts of adipose tissue. Each lobule was larger than 
normal and this increase in size was due to the presence of large numbers of 
lymphocytes in the cortex and medulla. The normal sharp differentiation between 
cortex and medulla was lost. In the medulla there were large numbers of lymphoid 
follicles with prominent germinal centers. The epithelial cells in the medulla formed 
small, irregular sheets. Only a few, tiny Hassall corpuscles were present. There 
was no epithelial hyperplasia. 


DISCUSSION 

In two of Miller’s series 14 of five cases of myasthenia gravis no tumor 
was found and the thymus glands were said to show epithelial hyper- 
plasia. These eases have been re-examined with the changes described 
in mind. One thymus in a 45-year-old white man with an eight-month 
history of progressive weakness weighed 60 Gm. and each lobe measured 
7 by 3 by 1.5 cm. The picture presented was much like G’ase 4 of this 
series. The sections showed a considerable degree of involution, there 
being relatively little thymic tissue in a fatty gland. No definite dis- 
tinction between the cortex and medulla was present and the tissue was 
uniformly infiltrated with lymphocytes. In the medulla were many 
large lymphoid follicles Avith prominent germinal centers. The amount 
of epithelium present Avas not in excess of normal and there Avas no 
evidence of epithelial hyperplasia. The Hassall corpuscles shoAved hya- 
line necrosis and calcification. No generalized lymphoid hyperplasia 
Avas found in the other organs. 
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Fig. 9. Thymus of Case 9 (a 24-year-old white woman). The increase in the 
size of the lobules and the large number of lymphoid follicles with germinal centers 
are clearly demonstrated (magnification X20). 


Case 9 . — M. AY., a white woman, 24 years old, following the birth of her second 
child four years before admission, began to ha\e increasing nervousness and definite 
exophthalmos. Basal metabolic rate was reported as plus 30 previous to a thyroidcc- 
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of the eases this infiltration, was accompanied by the presence in the 
medulla of abnormal numbers of lymphoid follicles with germinal centers 
(Fig. 10). None of the thymus glands showed evidence of epithelial 
hyperplasia. There were no constant changes in the character or num- 
ber of the II assail corpuscles. 

It was considered possible that the changes observed in the thymus 
glands removed from patients with myasthenia gravis might represent 
part of a generalized lymphoid hyperplasia. Six autopsied cases of 
myasthenia gravis were examined. Five were those reported 1)3" Miller. 14 
The sixth was a patient with myasthenia gravis in whom a tumor metas- 
tasizing to the left pleural cavit} r was found. In this case a tumor 
measuring 8 by r 6.5 by 3 cm. was present in the anterior mediastinum 
in the position of the thymus. It contained both lymphoid and epithelial 
elements and was not different from the benign thymic tumors called 
thymomas. The numerous metastases on the left visceral and parietal 
pleuras were similar microscopically to the original tumor. There were 
no other metastases. Lymphorrhages were present in the muscles, but 
the other organs showed no lesions. No normal thymic tissue was found. 
In one case in which a benign tumor of the thymus was present there 
was slight enlargement of the mediastinal and cervical lymph nodes 
and the phar 3 mgeal lymphoid tissue. In none of the others was there 
any evidence of generalized lymphoid hyperplasia* 

It is unfortunate that more accurate gross descriptions of the thymus 
glands in this series were not available. The weights of five of the 
glands were 30, 28, 25, 15, and 13 6m. These lie within, the range of 
normal. Of those glands which were measured, none was larger than 
some normal glands in the same age group. However, the great varia- 
tion in the amounts of thymic and adipose tissue actually present in 
the glands makes comparisons of weight valueless. Undoubted!}' a few 
of the thymus glands found in cases of myasthenia gravis have weighed 
more than normal glands. Without knowing the relative amounts of 
thymic and adipose tissue present, it is impossible to say whether there 
was actually in these cases an increase in the amount of thymic tissue. 
The criteria of abnormality are not to be sought in the size of the 
gland but rather in its microscopic appearance. 

Whether or not the thymus is enlarged in myasthenia gravis when 
compared with normal glands may be an academic point for still another 
reason. Patients suffering with this disease have been subjected to a 
long, often debilitating illness which may, through inability to swallow, 
produce considerable loss of weight. Excepting the diseases previously 
mentioned which are also associated with abnormalities of the thymus 
gland, it might be expected that any such chronic illness would be asso- 
ciated with marked involution of the thymus (Fig. 6). Thus, in patients 

‘Cje- i of the present series -was autopsied but examination was limited to the 
thorax. There was no lymphoid hyperplasia in the thorax. lne 
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The other case of myasthenia gravis in Miller’s series in which no 
thymic tumor was found occurred in a 27-year-old white woman with a 
four-year history of progressively severe weakness. The thymus weighed 
30 Gm. and measured 6 by 6 by 0.5 to 1.0 cm. The gland showed mod- 
erate involution. The cortex and medulla were densely packed with 
lymphocytes. In the medulla were definite lymphoid follicles with ger- 
minal centers. Moderate numbers of small Hassall corpuscles were 
present. There was no epithelial hyperplasia. Examination of the other 
organs showed no evidence of lymphoid hyperplasia elsewhere. 

Norris 31 believed that epithelial hyperplasia was the chief pathologic 
change in the thymus in myasthenia gravis and interpreted the tumors 
found in myasthenia as extreme degrees of epithelial hyperplasia. Simi- 
larly, Miller 14 described such hyperplasia in his cases. Re-examination 
of the thymus glands in his eases did not show any abnormal amounts 
of epithelial tissue present. Instead the changes in them were similar 
to those in the present series. 



Fig. 10. — Higher magnification (X90) of Case S (a white woman, 31 years of age) 10 
show lymphoid follicles with germinal centers. 


In this series of ten cases, certain constant changes were present m 
each thymus (Figs. 7, 8 and 9). First, there was involution, although 
the degree of involution varied greatly. This was the so-called age in- 
volution present in all normal adult thymus glands. It consisted of a 
replacement of the thymic tissue by fat and a resulting separation o| 
the lobules of the gland by adipose tissue. Secondly, the individua 
lobules were larger than those of the control cases, due to an increase 
in the numbers of lymphocytes present. In most this included a relative 
increase in the amount and density of the cortical tissue. In all tlier 
was an increased infiltration of the medulla by lymphocytes. In seven 
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4. Examination of ten thymus glands, none of which contained a 
tumor, removed at operation from patients with myasthenia gravis 
showed constant changes. 

a. In all there was some age involution. This varied from a 
slight degree of involution to marked separation of the thymic 
lobules by adipose tissue. 

b. In each case there was an increase in the number of lympho- ' 
eytes present in the thymus. This consisted of an infiltration of 
the medulla with large numbers of lymphocytes and usually a rela- 
tive increase in the size and density of the cortex. The normal 
sharp differentiation between cortex and medulla was lost. 

c. In seven of the eases, abnormal numbers of lymphoid follicles 
with germinal centers were present in the medulla. 

d. There was no epithelial hyperplasia and no constant change 
in the character and number of the Hassall corpuscles. 

5. In six autopsied cases of myasthenia gravis examined which had 
not undergone operation there was no generalized lymphoid hyperplasia. 
The changes. found in the thymus in myasthenia gravis were not' part of 
such a generalized lymphoid hyperplasia. 

6. The thymus was examined in individuals with Addison’s disease, 
acromegaly, and hyperthyroidism. 

a. In seven individuals with Addison’s disease, the thymus of 
three showed changes like those in myasthenia gravis. 

b. The thymus glands in five cases of acromegaly showed a strik- 
ing lack of involution. In addition, two of these glands showed the 
changes found in myasthenia gravis. 

c. In twenty thymus glands examined from individuals with 
hyperthyroidism, eighteen showed a striking lack of involution. In 
addition, the changes found in myasthenia gravis were present in 
five. 
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with chronic illnesses of comparable duration the thymus glands are 
commonly much more involuted than those in patients with myasthenia 
gravis. 

It should be emphasized that the changes found hi the thymus in 
myasthenia gravis are not peculiar to that disease alone, for similar 
changes may be found in acromegaly, Addison’s disease, and hyper- 
thyroidism. It is interesting that these conditions are often associated 
with muscular weakness and that myasthenia gravis has been reported 
as occurring with hyperthyroidism. 35 ’ 37 ’ 38 ’ 30 

Examination of the thymus in seven individuals with Addison’s dis- 
ease showed three in which changes occurred like those described in 
myasthenia gravis. In a fourth case there was a tumor of the thymus 
containing both lymphocytes and epithelial cells. Large lymphoid fol- 
licles with germinal centers were present in the tumor. Two cases oc- 
curred in children 3 and 4 years of age. The thymus glands appeared 
normal. In the seventh case, that of a 28-year-old white female, the 
thymus was markedly involuted and there was apparently no increase 
in the number of lymphocytes present. 

The thymus was examined in five cases of acromegaly. Here the strik- 
ing change was the lack of involution in all these glands. This was very 
much less than that found in the thymus glands of patients with myas- 
thenia gravis. In addition, two of the glands showed the increase of 
lymphocytes found in myasthenia gravis. 

Twenty thymus glands from individuals with hyperthyroidism were 
examined. In eighteen of these there was again a striking lack of in- 
volution. Five showed, in addition to a lack of involution, the changes 
found in myasthenia gravis (increased lymphocytes). Two glands 
showed a degree of involution within the limits of normal, but in these 
eases the epithelial hyperplasia in the thyroid was slight. Only one of 
the two patients received Lugol’s solution. 

SUMMARY 

1. Examination of 350 thymus glands, of which 150 were removed 
from patients dying suddenly, confirmed the well-known facts about 
the anatomy, histology, and involution of the thymus. 

2. Of the 150 thymus glands examined in patients dying suddenly, 
fourteen were found to contain lymphoid follicles with germinal centers 
in the medulla. 

3. It was impossible to set up significant standards of weight for the 
normal thymus since great variations were found in the weight, the 
amount of thymic tissue, and the amount of adipose tissue present. 
Hence, the weight of the thymus as an index of pathologic change was 
considered to have little value. The ten thymus glands in tins series 
of patients with myasthenia gravis apparently were no larger than man} 

normal glands. 
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4. Examination of ten thymus glands, none of which contained a 
tumor, removed at operation from patients with myasthenia gravis 
showed constant changes. 

a. In all there was some age involution. This varied from a 
slight degree of involution to marked separation of the thymic 
lobules by adipose tissue. 

b. In each case there was an increase in the number of lympho- ' 
eytes present in the thymus. This consisted of an infiltration of 
the medulla with large numbers of lymphocytes and usually a rela- 
tive increase in the size and density of the cortex. The normal 
sharp differentiation between cortex and medulla was lost. 

c. In seven of the eases, abnormal numbers of lymphoid follicles 
with germinal centers were present in the medulla. 

d. There was no epithelial hyperplasia and no constant change 
in the character and number of the Hassall corpuscles. 

5. In six autopsied cases of myasthenia gravis examined which had 
not undergone operation there was no generalized lymphoid hyperplasia. 
The changes found in the thymus in myasthenia gravis were not' part of 
such a generalized lymphoid hyperplasia. 

6. The thymus was examined in individuals with Addison's disease, 
acromegaly, and hyperthyroidism. 

a. In seven individuals with Addison’s disease, the thymus of 
three showed changes like those in myasthenia gravis. 

b. The thymus glands in five cases of acromegaly showed a strik- 
ing lack of involution. In addition, two of these glands showed the 
changes found in myasthenia gravis. 

c. In twenty thymus glands examined from individuals with 
hyperthyroidism, eighteen showed a striking lack of involution. In 
addition, the changes found in myasthenia gravis were present in 
five. 
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In Memoriam 


Charles Virgil Mosby 
1876—1942 

On November 9, 1942, Dr. Charles Virgil Mosby died in the Grace 
Hospital, Detroit, of heart disease. With his untimely passing there 
came to a close a career dedicated to the dissemination of medical knowl- 
edge and to the advancement of medical literature and education. 

Dr. Mosby, the collateral kinsman of Colonel John S. Mosby, of Civil 
War fame, was born on August 18, 1S76, in Nevada, Missouri. The 
youngest of six children, he grew up on a farm and early learned “the 
doctrine of the strenuous life ’ ’ by which he lived and died. He entered 
the old St. Louis College of Physicians and Surgeons and was grad- 
uated in 1899, paying his way through school by selling medical books. 
Following his graduation, he entered medical practice and after two 
years gave this up to devote all his efforts to the medical publishing field. 
The aspiration, kindled during his medical student days, to further 
medical knowledge through faithful recordings of experienced observers 
and to enrich medical literature with stimulating thought and advances, 
rapidly developed into a crusading spirit. “With this firm conviction, he 
established, in 1901, the publishing firm which bears his name and 
launched his first book, The Golden Rules of Surgery, by A. C. Bernays, 
well-known St. Louis surgeon. The tremendous success of this endeavor 
assured him of his hopes and added impetus to his desires. 

Imbued with the spirit of propagating medical knowledge, Dr. Mosby 
traveled far and wide exhorting eminent medical educators to widen 
the scope of their teachings by writing textbooks which could be at the 
disposal of greater numbers of students and physicians. Dr. Mosby has 
stimulated the publication of hundreds of books, in addition to which he 
founded eight medical journals and one dental journal. It was Dr. 
Mosby ’s belief that “medicine and surgery would still be primitive 
crafts had it not been for a few’ dauntless souls w T ho were willing to 
record faithfully by the written word the I’esult of their findings,” and 
with this courageous spirit he constantly' extended the frontiers of Amer- 
ican medical and dental education. 

In addition to his publishing enterprise, he found time to write phil- 
osophic dissertations and biographical essays. Among the better known 
of these are Making the Grade, Little Journeys to the Homes of Great 
Physicians, William Beaumont — Physiologist, Augustus Charles Bernays 

Surgeon and Williams McKim Marriott — Pediatrician. For these 
contributions and in appreciation of his unceasing efforts and his pro- 
lific and fructiferous activities in the publishing field, he was awarded 
an honorary doctor of science degree by the Bates College, Lewiston, 
Maine. 
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Dr. Mosby was one of the pioneer exponents of enhancing the qualita- 
tive contributions of carefully selected authors by presenting them in a 
style sufficiently attractive that they would receive the full meed of 
attention which they justly deserved. Dr. Mosby had the knack and ap- 
preciated the importance of presenting the printed page to the eye of 
the reader in such a manner that the information which the author 
strived to convey could be more easily comprehended until the least 
amount of ocular effort. He possessed the ability happily to combine 
literary creations which were both meritorious and at the same time 
pleasing to the artistic sense of the medical book lover. Because of his 
consistent appreciation of these all-important requisites and desiderata, 
his work in building epoch-making medical publications will long endure 
as an outstanding example of what may thus be accomplished. 

All who knew Dr. Mosby, and his friends were legion, were forcefully 
impressed with his sterling human qualities, his indomitable resolute- 
ness, his indefatigable energy, his untiring industry, and his idealistic 
attitude tempered by a realistic zeal. His clear penetrating eyes, deter- 
mined chin, and pleasing countenance vividly reflected his beneficent 
cordiality, his contagious enthusiasm, and his innate integrity. All of 
these admirable characteristics were harmoniously blended to distinguish 
his charming and generous personality and to instill immediate and 
reassuring confidence. Indicative of his magnanimous character is his 
expressed gratification of his intense interest in his work, best exem- 
plified by his own words: “Not for tons of gold would I exchange the 
friends I have made in American medicine and throughout the medical 
world. ’ ’ 

He is survived by his widow, Mrs. Margaret Cavanaugh Mosby, a 
brother, William C. Mosby, a daughter, Mrs. Highland Mary AVood, 
and a son, John C. Mosby. 

Admired by his associates, respected by his colleagues, and loved by 
his intimate friends and relatives, Dr. Mosby will always remain in the 
minds of those who worked with and knew him well as a diligent, ear- 
nest, and sedulous co-worker and a kind, tolerant, and inspiring leader. 
AA r ith his passing the country has lost a loyal and esteemed citizen and 
American Medicine and Dentistry, an altruistic and progressive literose 
devotee. 
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SURGERY OF THE SPLEEN IN BLOOD DYSCRASIAS 
E. L. Ellison, M.D., and L. W. Stevens, M.D., Philadelphia, Pa. 

(From Surgical Service A in the Itedical School and Hospital of the University of 

Pennsylvania) 

I T IS our purpose to limit the scope of this presentation to the blood 
dyscrasias that are favorably affected by surgical procedures directed 
on the spleen, i.e., splenectomy, or indirectly upon its blood supply by 
ligation of its vessels. Justification of these procedures must be evaluated 
by the mortality and the morbidity following such treatments. Splenic 
surgery has been employed sporadically since before Christ and, later on, 
occasionally and specifically for the purpuras, splenic anemias, and the 
ictero-anemias with fairly good results. The field, however, was broad- 
ened disastrously when pernicious anemia, leucemia, aplastic anemia, 
toxic infections, allergies, drug anemias, etc., were included. Such inju- 
dicious surgery produced either a high mortality or left the surviving 
patient usually worse for the experience. In the last twenty to twenty- 
five years, with a more rational selection of cases and improved pre- 
and post-operative care, splenectomy has earned a foremost place in the 
treatment of splenic anemia, idiopathic or essential thrombocytopenic 
purpura, and hemolytic ictero-anemia. An attempt will be made, there- 
fore, to present the facts and evaluate surgery on patients suffering from 
one or the other of these three conditions. 

SPLENIC ANEMIA 

Osier defined this condition as “an intoxication of unknown origin 
characterized by great ehronieity ; progressive enlargement of the spleen 
which cannot be correlated with any known cause, anemia of the sec- 
ondary type with leucopenia, a marked tendency to hemorrhage, par- 
ticularly from the stomach (esophagus), and in many cases a terminal 
state with cirrhosis and jaundice.’’ Much work has been done in this 
field since then (1900), and yet we are, after extensive work by the 
pathologist and hematologist, still in the dark concerning the etiology. 
This ig norance of etiology is an important point in diagnosing the pa- 
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tient with the above pathologic and physical findings. In other words, 
the diagnosis today continues to be one of exclusion before surgery should 
be practiced. The Banti’s syndrome with a known ctiologic factor justi- 
fies medical and not surgical treatment. 

In the last ten years writers have attempted to explain this picture in 
various ways. Thompson, from the Spleen Clinic at the Presbyterian 
Hospital, New York City, on a series of sixty-eight splenectomies for this 
condition, draws the following conclusions: (1) It results from a variety 
of lesions that produce a hypertension in the splenic vein; (2) it is purely 
a mechanical congestion; (3) cirrhosis of the liver is only one obstructive 
cause which, if not existent at the time of splenectomy, will not develop 
.subsequently ; (4) suggests we designate the syndrome as a congestive 
splenomegaly 7 in place of the old term Banti’s disease. Drenckhalm is 
inclined to think that if the viscosity of the blood in these cases is low- 
ered by venesections, the hemorrhages will be less frequent and less 
massive. Whipple, in 1937, reported thirty-one eases of Banti’s disease 
with fifteen of unknown etiology 7 . He felt then that portal hypertension 
was the factor to investigate. One of us (E. L. E.) found twenty 
splenomegalies in patients with anemia at the Philadelphia General Hos- 
pital in the last five y r ears, two of which were diagnosed splenic anemia 
(Banti) and eighteen of which were classed as of undetermined origin. 
Dqviclson (1934) showed that the blood picture was not reliable, stating 
that the red blood corpuscles and hemoglobin can be restored to normal 
with iron. 


Treatment . — Howells reports ninety-four cases and compares the 
medical and surgical results (Table III). Splenectomy in fifty-one 
patients gave improvement in 43 per cent; medical care of forty-three 
patients gave 46 per cent improvement. He further found that in both 
types a hemoglobin of 60 per cent + accompanied improvement in an 
average of 59 per cent, whereas if the hemoglobin was between 30 and 


60 per cent, the average improvement in both instances was only 33 per 
cent. His conclusions were that splenectomy does not improve the expect- 
ancy 7 of life nor prevent the progress of the cirrhosis or the anemia or tlm 
recurrence of hematemesis. Therefore, “it is illogical to retain it as a 
routine method of treatment.’’ Again, of thirty-one patients, Whipple 
(1937) had eighteen live, one as long as eleven years. IBs experience 
was that of the patients who had preoperative hemorrhages, eleven m 
number, seven died from hemorrhage. Ills conclusion was that splenec- 
tomy increases life expectancy but does not alter the condition of patients 
with hemorrhage and is not advisable in severe anemias. Wada (19 > 
states that in his series of seventeen cases of Banti ’s disease, the operatin' 
mortality in patients with early eases was nil, whereas in patients v, it ' 
the delayed cases it was 40 per cent. Pemberton, in 1931, in a series <> 
167 eases, found that ninety-eight of the patients had history- oi In- 
operative hematemesis; twenty-nine of these, or 29 per cent, died |«» l 
hematemesis and only. nine from thrombosis. He also found one pa 
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lived nineteen years and ten lived over nine years. This same clinic 
found that 50 per cent of tlieir patients bled before operation and also 
after operation. Whipple, quoted by Rives, has now 107 splenectomies 
to his credit, fifty-six of which were for splenic anemia. Ranzi, in 1936, 
reported twenty-one cases. Of the fifteen patients followed, one was well 
after twenty years, two were not benefited, and seven were well from 
two months to two years. Evans states that one-half of his patients had 
recurrence of liematemesis, with several deaths. 

Bliason and Johnson, in 1937, reported cases of twenty-one patients. 
Seven of the deaths were directly due to liver damage, three of these had 
hemorrhage; of the survivors, one lived eleven years, two lived seven 
years, two lived five years, two lived three years, etc. 

Diamond, in 1938, reported eight cases in children diagnosed as splenic 
anemia, by reason of splenomegaly of unknown origin, chronic pro- 
gressive hypochromic anemia, a constant leucopenia, and thrombo- 
cytopenia. Splenectomy was followed by a rapid rise in the leu- 
cocytes, an elevation of the platelet level, and a permanent improve- 
ment in the anemia. Six of the eight have remained well for from 
six to ten years, with no evidence whatever of the disease. These results 
can be viewed with great satisfaction. 

Pemberton (1940) reports on splenectomy in 215 patients with splenic 
anemia and Banti’s syndrome, with a hospital mortality of 9.8 per cent 
but with a most gratifying life expectancy record: 54.6 per cent lived 
five years +; 41.5 per cent lived ten years +; and 20.4 per cent lived 
twenty years or more. His experience is that 50 per cent of patients 
with hemorrhage before operation also bled subsequently despite the em- 
ployment of one or more of the indirect methods of vessel ligations or 
omentopexy. 

Rousselot (193S) from the Spleen Clinic in the Presbyterian Hospital, 
New York City, reports fifty-five patients with Banti’s syndrome which 
condition is termed congestive splenomegaly, therein including Laennec 
cirrhosis, 14 until 4 deaths; cirrhosis unclassified, 2 with no deaths; 
schistosomiasis, 11 with no deaths ; and obstructive factor undetermined, 
13 with 3 deaths; also cirrhosis unclassified and thrombosis, 3; portal 
vein transformation, 2; and stenosis of portal vein, all with no deaths. 
Further statistics will appear in the Tables I, II, III, and IV. 

In our series of twenty-eight patients treated by splenectomy, there 
was a mortality of 25 per cent; 28 per cent of the survivors lived five 
years and 21 per cent lived ten years. 

It is to be noted from a study of Table IV that the mortality figures 
ranged from 0 to 40 per cent. This would seem to indicate that some fac- 
tors, probably the degree of cirrhosis and liver damages, varied greatly. 
This was the- case in our series, seven of the eight patients who died 
having extensive damage to the liver. 

Ligation of coronary vein, splenic vein, artery or pedicle, and injec- 
tion of esophageal varices have been done in a few eases only and with 
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Table I 


Splenic Anemia (Banti) 
Congestive Splenomegaly 




j HEMORRHAGE 

AUTHORS 

SPLENECTOMY 

PREOP. 

POSTOP, 



(%) 

(%) 

Thompson 

68 

40 

59 

Whipple (1931) 

■ [ •" 31 

73 

63 

Pemberton (1931) 

167 

50 

50 

Pemberton (1940) 

215 

59 

50 

Bousellot (1939) 

55 

? 

12 

Diamond’' 

ii 

? 

50 

Evans 

? 

? 

50 

Eliason and Stevens (1942) 

28 

7 

35 


‘Children. 


Table II 
Splenic Anemia 


Follow-Up Data 


AUTHORS 

5 YR. 

(%) 

10 YR. 

(%) 

20 YR. 

(%) 

Pemberton (1940) 

55+ 

43+ 

22+ 

Banzi (1936) 

5+ 

5-f 

4+ 

Diamond (193S) 

75 

75 

— 

Bousellot (1939) 

20 

10+ 

— - 

Whipple (1937) 

5S+ 

58 


Eliason and Stevens (1942) 

2S+ 

2.1+ 

• — ' 


Eighty-nine per cent returned for follow-up. 


Table III 

Splenic Anemia Morbidity 
Medicine vs. Surgery 



HGB. % 

AVERAGE 

IMPROVEMENT 


51 Surg. i 

43 Med. 

Group I 

Group II 

Group III 

60+ 

30 to 60 

Below 30 

» f s 

33 { S' 

31 ! ?S' 

mtim 

B9 


Table IV 


Splenic Anemia Mop.tality 


AUTHORS 

(%) 

Pemberton 

12.4 

Banzi 

•10 

Diamond 

25 

Andrus and Holman 

0 

Bousellot 

14.5 

Eliasou and Stevens 

25 
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only indifferent results, which seems to show that persistence of varices 
after operation dooms the patient and nothing will correct them. Rhoads 
and Stein report a case in a child in which the varices were definitely re- 
duced following the triple procedure of splenectomy and ligation of both 
the gastric artery and the coronary vein. 

Conclusion . — Splenectomy gives the patient the best chance. The 
earlier in the disease that splenectomy is done, the lower the surgical 
mortality and the greater the life expectancy. It is the opinion of one 
of us (E. L. E.) that this is the only choice, even with cirrhosis. The 
operative mortality should not be over 10 per cent at the worst, and some 
of the patients have lived twenty years. 

PURPURA HEMORRHAGICA 

Under this heading the surgeon is concerned only with essential 
thrombocytopenic purpura, and for this reason it is important for our 
hematologists and medical colleagues to eliminate the innumerable other 
causes of purpura before advocating splenectomy. The concensus of 
opinion today is that the findings in the essential group are petechial 
hemorrhages and bleeding from the mucous membranes, low platelet 
count, prolonged bleeding tune, normal coagulation time, delayed or 
absent clot retraction, a secondary anemia with evidence of regeneration, 
a normal or increased total white count with a normal differential count, 
a positive tourniquet test, and a spleen that may or may not be enlarged. 

Errors in diagnosis are more frequently made in patients with leu- 
cemia and aplastic anemia with purpuric phenomena due to allergies, 
drugs, particularly sedormid, etc. 

Essential purpura as it confronts the surgeon may be divided into four 
groups. 

Group I: Mild or moderate bleeding in the initial attack. Con- 
servatism and possibly transfusions are all that are nec-essarv for a high 
per cent of permanent cures. 

Group II : Mild bleeding with recurrent attacks. Here again there is 
almost uniform agreement that, conservatism failing, splenectomy is 
definitely indicated. 

Group III: The fulminating type in the initial attack. Here we 
have the most difficult problem of all. Up to 1932, when a survey was 
made of the literature by Eliason and Johnson, in thirty-five patients 
the mortality was 34.3 per cent. In the next twenty-one patients re- 
ported up to 1936, the mortality was reduced to 13.6 per cent, and yet in 
1936 Giffin reports a 50 per cent mortality and Whipple, in 1937, men- 
tioned seven deaths in eight patients with fulminating cases. McLean 
and Amesse each report a high per cent of deaths. Rosenthal, in 1939, 
in an analysis of 153 cases, states that splenectomy is contraindicated in 
acute purpura in children, in acute purpura with fever and leueoeytosis, 
and in megakaryophthisis. He found a high per cent of the patients 
with acute eases (thirty-eight) recovered spontaneously. 
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not unlikely that 'the” hi "h'moHalif"?' ^ "*! ‘ h ' e '° Iadi “* * ta . b “t it is 

T<1 insufficient e^e "Ly T’f 

knowledge on the nart nf mi,, i , , . ’ ossjblj , due to greater 

banks, the mortality of the l-usHwo^lf ^ ^ the expa ^ io11 '<* blood 
out much lower. ' '° 01 ‘ three yea «* ™« y P^ve to turn 

liavin°g showi by their hilT^u “ f ClUTil,ff atli,eks - These patients 
missions should be tre-itc l 1 1C * V kave Slll 'vived by reason of re- 

improve by this regime C aeeorc m » ly ,)y transfusions as long as they 
tom y is Sh ° Uld SUdl be «“.?* splenee- 

ha^^tsS^r^T™ 1 ,° f thG SpleeU for he.norrhagiea 

has not resnn \ m ° 1J lat W | len t,le disease iy .an inconvenience .and 
advised Aoemvr + nonoperative treatment, a splenectomy should be 

« ern otrnt if 0 „ rei>0 ‘' ,S up '° 1932 < EUa “» »«' FeU-,0, 87 

tliere was , 1 J? follow-up reports were thus cured.' Unfortunatelv, 

1934 with i W ° ; i !! y Sh ° rt t° llo 'v-up in many instances. Pemberton, in 
cured i, v „ t ° n ° ° n°!' llp Periods, reported 63 per cent as permanently 
i _ &1<fin > back in 1927, stated that he has never seen pur- 

of tv,,.; ? S / G1 SP eneetomy coupled with a conscientious elimination 
snrvivitu, p! CC ! 0n ^ ab ^ e Vaughan (1939) reports six patients all 
. ti °t .T eU . t0 kfteeu aud one-half years after splenectomy and 
i: ■ U1 iese ‘ s ' lx bring the total reported eases to fifty-nine patients 

• I t l T to bfteen and one-half years after operation.” Diamond 

in iiis study of twenty-eight cases in children states that this disease tends 
t oioie acute in children than in adults. Eight of these had a splenec- 

. , p<n ' ±ormed aft er other measures had failed; six of these were com- 

n, *\ 10 le '^ and i )ave maintained normal platelet counts since then. 

. I un ^ moderately improved; of the twenty treated medically, 
c \e idle md spontaneous and permanent remissions; six continue 
! oeea - slonal bleedings and permanent low platelet counts. Two 
let loin nitiacianial hemorrhages. Iiis advice is to advocate surgery 
only in the severe eases (Table VI). 

. Thomas (1927 )> ' vif h bis sixty-two patients, reached the same conclu- 
sion. 


Tabu; V 

PCUITUA IlKMOIaaiAOICA 


Por.uiw-I’i* Data 


At’TllOKs 

o yi:. 

(7c) 

10 YK. 

C/c) 

Literature ( Ul.'!2 i 



Pemberton ( ]!)24) 

or, 


Vaughan (UK)!)) 

i 


Pemberton (l!UO) 

su 

87 

Kon.-ellut ( IKS) 

42 

l‘» 

Elia.son and Steven.- (I!H2) 

do i 

21 


One humlrcil pt-r cent iuturni.il fur fnllmv-up. 
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X 1BLE VI 


Fuiahn yting Purpuky Hemorrhagic v 


•vo thors 

MORTALITY 

(%) 

Literatuie (1932) 

34 3 

Literature (193t>) 

110 

Gifhn (193C) 

50 

Amese 

High 

Whipple (1937) 

S7 

McLean (1937) 

High 

Diamond (193S) 

25 

Audi us and Holman (1939) 

0 

Elm-on and Stevens 

0 


Pembeiton (1940) performed splenectomy for purpura on eighty pa- 
tients "with hospital mortality of 8.8 per cent and a fh e-year survhai 
ot 89 per cent and a ten-year survival of 87 per cent He, of course, ad- 
heres to his 1933 statement; namely, “In the treatment of purpura of 
mild severity, splenectomy is not recommended until other measures fail. 
Smce in the acute foims the dangers ot delay outweigh those of opera- 
tion and since splenectomy is the siuest cause of remissions, commonly 
complete and permanent, such should he the treatment.” Elliott (1938) 
leports from the Spleen Clinic twenty-one patients with splenectomy for 
idiopathic purpura with no operative deaths and with nine known five- 
year cures and four ten- to eighteen-year cuies Eleven patients all op- 
erated upon less than five yeais are living and well. Expressed fui tlier, 
they found that splenectomy gave satisfactory results m 85 7 per cent, 
and conservative treatment of twenty other patients gave satisfactory 
lesults in only ten per cent of the cases (Table VII) 


Table VII 

Pi 111*1 R \ HtMOLF.il VOtl A 
Si kgic yl Molt u itv 


U THORS 

\{ HJJLK Of 
t VSES 

Mor.Tvim 

l?c) 

Diamond 1 

^ | 

0 

Pembeiton (1010) 

so 

SS 

Elliott (193S) 

21 

0 

Eliason and Steven- (1943) 

n 

0 Of)* 


•C’)Onl\ <L ith enor m Giajrno-i- 


Conclusion — Mild purpuia does not lequue splenectomy until other 
measures fail Acute puipma should be tieated by early splenectomy 
as the smest and saiest couise to pursue, both as to mortality and 
moibidity 

II1AIOLMII lUNDICK 

Hemolytic jaundice, also termed icteui-aneuua (acholuric jaundice) 
lor many years, was classed as congenital oi ucquned Ot i event y eai 
this diffeienttatioa has less and Jess followers, it being lelt that they 
are one and tiie same It does seem, howeser. to othei clinicians that 
Iheie is good icason to continue to dtftt rciitiate them. 
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Hemolytic ictero-anemia is characterized by the hading of secondary 
anemia of a microcytic type, reticuloeytosis, increased fragility of the 
red blood cells, spherocytosis with the volume normal or increased, 
acholuric jaundice, and an elevated icterus index and splenomegaly. 
There is no itching of the skin in this tr-pe of jaundice. The congenital 
type appears in infants and children. The acquired form usually ap- 
pears after 20 years of age, is more severe, and has exacerbations or 
"crises” of malaise, abdominal pain, increased jaundice with the associ- 
ated blood findings, more pronounced anemia, fever and rapid increase 
in the splenomegaly, accompanied by abdominal pain. The high in- 
cidence of associated biliary calculi, 60 per cent, adds a confusing and 
complicating feature to this otherwise clear diagnosis. Whereas the 
stools in ictero-anemia have normal amount of bile, a complicating 
stone obstruction in the common duet renders them acholic. 

Doan found the conditions existing in thirteen families, twelve of 
whom had no knowledge of it, although one member in each generation 
had it. The importance of recognizing that constitutional defect lies 
hi the fact that a fatal relapse or exacerbation may he precipitated by 
an infection or trauma at any time. Diamond reports on the study of 
twenty-five eases of this disease in children. In five, operation was re- 
fused with resultant death in two. Splenectomy was done in twenty, of 
whom eighteen have been completely relieved of all symptoms; one died 
of mesenteric thrombosis and one was relieved but not cured. He feels 
that this disease in children may not progress in as benign a fashion as 
it often does in adult life ; also, that the younger the patient at the on- 
set, the more severe the condition tends to become. The infant with the 
disease may not he able to wait for a second crisis before a splenectomy 
is performed. In children, delay also spells growth disturbances in the 
skeleton and other organs, even mental retardation as well as gallstone 
formation. Early splenectomy is indicated. Pemberton (1940) reports 
165 patients with hemolytic icterus ti'eated by splenectomy with a hospi- 
tal mortality of 3 per cent and a most enviable survival record, namely 
SS per cent five-year and an SO per cent ten-year survival rate (4 able 
VIII) . 

The treatment for this condition is splenectomy which produces phe- 
nomenal results; that is, permanent and positive cure. Caro must he 


Table VIII 

Hemolytic .Tain-dice Mortality 



authors 
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' J J ' ~ 

Pemberton (19.31) 

Doan (1934) | 

3.-1 
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Pemberton (19-10) ; 


Diamond (1938) 



Andrus and Holman 



Rousellot (19SS) 
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taken, however, to have an indubitable diagnosis. Atypical eases are not 
helped by surgery on the spleen. It is much wiser to operate upon these 
patients in the remission period, although the surgeon’s hand may be 
forced by the rapid uncontrolled acute phase. Doan mentioned seventy- 
five blood relatives with recognized trait in forty. Seventeen of these had 
a splenectomy done, five of whom had a blood count of only one million. 
There were no deaths despite the fact that medical care has accomplished 
nothing except to bring the patient to surgery in a precarious condition. 
It has frequently been shown that patients can live with this chronic 
state of anemia due to continued hemolysis for many years relatively 
normally so one should not rush into surgery. We saw a young woman 
of this sort who had reached the age of 35 years and had had four chil- 
dren and was pregnant again when seen by us. 

Removal of the spleen was first done for this condition fifty-five years 
ago. This patient is known to have lived forty-five years. 

Thompson (1938) also reports from the Spleen Clinic in New York 
thirty splenectomies for this disease with an operative mortality of two, 
or 6.6 per cent, with an excellent result in this condition in twenty-six 
of the others for follow-up periods ranging from one to eighteen and 
one-half years. Biliary calculi were found at operation in four of the 
patients in this group. Thirteen cases treated conservatively were 
all found unimproved in follow-up reports ranging from 7 to 39 years 
(Table IX). 

Table XX 

Hemoiatic Jaundice 
Follow Up Data 


AUTHORS 

a * mmk 

ID \r.. 

(%> 

45 YE. 

Pemberton (1940) 

S9.3 

80.4 


Diamond (193S) 

90 



Literature 


; 

1 

Rou-ellot (1938) 

20 

10 


Eliason and Steron-. (1942) 

50 ! 

15 



Ninetj pei cent ictmnett for follow-up 


lie concludes that splenectomy promptly, completely, and permanently 
relieves these patients but that this operation does not benefit the atypical 
hemolytic anemias. 

Conclusion — The above data indicate that splenectomy is the treat- 
ment of ehoiee in true, comienital ietero-anemia. In the acquired or 
adult form, mild in character, splenectomy is not necessarily the treat- 
ment indicated. 

TECHNIQUE 

The operation of splenectomy may he a very difficult one or a relatively 
simple one, depending upon the size of the spleen and the presence or 
absence of adhesions. The left lectus incision is probably the most fre- 
quently used. The lower pole of the spleen is delivered first and brought 
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out of (he wound. The upper pole of the spleen then may be exposed. 
By using this procedure, the size of the incision need not be so large as 
would otherwise be required. When the spleen is very large, it may oc- 
casionally become necessary to make a lateral transverse extension of the 
incision at the lower end. This gives considerable additional exposure. 
Such a step is seldom required but may be a valuable aid when an es- 
pecially large spleen is encountered. Some surgeons find the left para- 
median or the left subcostal incision preferable to the left rectus incision. 

By means of the gloved finger, the spleen is freed posteriorly. In 
this manner the capsule is not torn. The lienorenal ligament may oc- 
casionally have to be nicked with an instrument. The lower pole of the 
spleen is separated first and brought out of the incision. As this is done, 
the upper part of the spleen can he exposed. When the posterior at- 
tachment has been completely freed, the spleen is turned up to expose 
the posterior aspect of the pedicle devoid of a peritoneal covering. The 
peritoneum is then slit over the anterior aspect of the pedicle and the 
splenic vessels are exposed. Care must be taken that the tail of the 
pancreas, the stomach, and the retroperitoneal duodenum arc sufficiently 
pushed aside before hemostats arc applied. The vessels are clamped 
close to the spleen which is then removed. The vessels arc doubly ligated. 
Wise has suggested the use of a rubber-shod clamp across the entire 
pedicle until the vessels are ligated individually. It would seem that 
he has minimized the possibility of damage to the pancreas by this pro- 
cedure. The oozing from the bed of the spleen is usually so insignificant 
that no drainage is necessary. When the ooze is sufficient, a Penrose 
drain may be inserted. Tiie drain is best brought out through a stab 
wound lateral to the incision. 

When a large spleen has been removed, an abdominal binder is applied 
immediately to help maintain abdominal pressure. Pitressin is given 
every fourth hour for the first forty-eight hours. The convalescence may 
he marked by a moderately febrile course which is frequently quite pro- 
longed. This is probably due to a thrombophlebitis of the splenic vein as 
mentioned by Bryce. No deaths due to extension of the thrombosis into 
tlie portal vein have been recognized in our personal series. 

SUMMARY 

An extensive review of the literature of the last ten years has been 
made and a statistical report compiled showing the mortality and file ex- 
pectancy following splenectomy in cases of splenic anemia, thrombo- 
cytopenic purpura and ictero-anemia. Added to these is a similar report 
on sixty-three personal cases. 

The technique of splenectomy is discussed. 

CONCLUSIONS 

Splenectomy gives the patient with splenic anemia the best chance. 
The earlier in the disease that splenectomy is done, the lower the siirgica 
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mortality and the greater the life expectancy. It is the opinion of one 
of us (E. L. E.) that this is the only choice with cirrhosis. The operative 
mortality should not lie over 10 per cent at the worst, and some of the 
patients have lived twenty years. 

Cases of chronic hemorrhagic purpnra that do not respond to con- 
servative therapy should he subjected to splenectomy. In acute or 
fulminating purpura hemorrhagica, if the bleeding does not respond 
promptly to conservative measures, splenectomy should he performed 
early before the patient’s condition is critical. A careful elimination of 
infection is important in the prevention of recurrent purpura. Recur- 
rence of a serious nature is unusual. 

Splenectomy is the treatment of choice in hemolytic jaundice, particu- 
larly in children. It is preferable to perform the operation during a 
remission, but occasionally it is necessary to remove the spleen during an 
acute exacerbation. The results following splenectomy are good in a 
high percentage of cases. In adults splenectomy is not always neces- 
sarily indicated. 



SHOCK: THE PHYSIOLOGIC AND CLINICAL ASPECTS 

Earle B. Mahoney, M.D, and Joe W.Howland, Ph.D, M.D. 

Rochester, N. 1 . { 
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is a fall in the venous as well as the arterial blood pressure, 4 and the 
cardiac output is decreased.'’’ ® The oxygen saturation of the blood is 
decreased, 2 and there is diminished oxygen consumption by the tissues. 
A. large amount of plasma protein disappears from the circulation,’ 
and because of the preponderant loss of plasma the red cell hematocrit 
becomes concentrated. There are other factors which may occur, but 
which may not be of primary significance : plasma potassium increases, 8 
tissue anoxia develops, and there may develop a generalized capillary 
permeability. The role of the adrenal cortex and of tissue metabolites 
or toxins has not as yet been definitely established. 

A great deal of confusion has arisen because of attempts to classify 
shock as primary and secondary. Primary shock is defined as the state 
of circulatory eollai)se which occurs almost immediately after an injury 
and is characterized by subnormal temperature, cool perspiring extremi- 
ties, pallor, rapid pulse, and low blood pressure. This condition may 
occur within one-half an hour following a head injury, a perforated 
ulcer, or in association with spinal anesthesia or with drugs such 
as histamine. The patient often shows rapid improvement following 
relief of pain, or sometimes even without treatment. In this instance 
the fall in blood pressure is probably due to a rapid increase in the 
size of the vascular bed following capillary dilation while the blood 
volume remains essentially unchanged. As soon as the tonus of the 
peripheral circulation improves, normal circulatory balance is estab- 
lished, and the blood pressure rises. This condition differs markedly 
from that existing in the patient who gradually develops circulatory 
collapse several hours after injury and who is said to be suffering from 
secondary shock. This patient has had an actual loss of effective blood 
volume from the circulatory bed and the blood pressure falls in spite 
of compensatory peripheral vasoconstriction. Blalock 0 has suggested an 
admirable classification of shock which is of value in differentiating 
these types. He suggests that the term primary shock be replaced by 
(1) neurogenic, the fall in blood pressure resulting from pain, spinal 
anesthesia, etc., and (2) vasogenic, that resulting from histamine, ana- 
phylaxis, etc. The term hematogenic is reserved for shock resulting 
from an actual decrease in effective blood volume. 

The classification of these types of shock will not be confusing if the 
entire clinical picture is correlated with the type and extent of the in- 
jury and the period of time which has elapsed since the injury occurred. 
Unless the patient has had a rapidly exsanguinating hemorrhage, an 
early fall in blood pressure, with other signs of shock, may not mean 
serious derangement of the circulation, and the response to treatment 
may be very rapid. If, however, the circulation is not improved, early 
neurogenic shock may result in a true hematogenic type, i.e., because 
of the sluggish circulation, 1 issue anoxia may develop with resultant 
damage to the capillaries and an increase in their permeability. The 
classical signs of shock are the late manifestation of a process which 
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begins immediately after an injury. It is of the utmost importance to 
realize that the blood volume may decrease by as much as 50 per cent, 
and the blood pressure remain normal because of vasoconstriction. The 
1 emplacement of fluid loss is of most value before the circulatorv depletion 
lms become extreme and before the shock state has become irreversible. 
It therefore would seem more logical to evaluate the process as a whole 
rather than to wait for obvious circulatory changes before instituting 
therapy. The prevention of profound circulatory collapse is possible 
in many instances in which it would bo fatal to await the obvious 
changes. The value of the hematocrit, blood, or plasma specific gravity, 
and plasma protein concentration in predicting and evaluating shock 
will be discussed. 

RECOGNITION OF SHOCK 

1. General Condition of the Patient . — An accurate evaluation of the 
general appearance of the patient together with type and extent of the 
trauma form the most practical clinical method of recognizing impend- 
ing shock. The degree of shock is, in general, in direct proportion to the 
amount of tissue damage and the time which elapses before treatment is 
instituted. The patient who appears apathetic, who is pale, and whoso 
extremities are cold and clammy within a few hours after injury may 
already have a marked reduction in blood volume in spite of a nearly 
normal blood pressure. 

2. Pulse . — The onset of shock is usually associated with a rapid 
thready pulse, but, both in the experimental animal and in man, a 
bradycardia may occur in profound shock. 7 

3. Blood Pressure .—' The arterial blood pressure lias long been con- 
sidered the classical criterion of shock. In the experimental animal, 
tlic blood pressure may be normal at a time when the circulating plasma 
volume is half the normal, only to fall precipitously just before death." 3 
That the arterial blood pressure is an unreliable guide has long been 
recognized, because the vascular bed is gradually decreased by vaso- 
constriction until the vasomotor center fails anil collapse occurs. Al- 
though the venous pressure decreases as shock develops, it must be con- 
sidered an unreliable clinical guide. The hydrostatic pressure of the 
vein, tlie muscle pressure, 1 " and the slowed peripheral blood How make 
venous pressure determinations unreliable unless performed under care- 
fully controlled conditions. The pulse pressure is otten of value in de- 
tecting early shock; as peripheral vasoconstriction occurs the diastolic 
pressure may increase with a eonseipient decrease in pulse pressure. A 
patient with a gunshot wound of the abdomen was found to have a nil 
per cent decrease in circulating plasma volume; his blood pressure was 
120/100. After recovery bis normal blood pressure was found to lie 
120/70. This change is not always evident, but when present is signifi- 
cant. 

4. JInnuloait. — The heinoeonevnt ration associated with shock mis 
been emphasized by Moon" and others. In shock produced by intestinal 
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manipulation the hematocrit rises as the plasma volume decreases. 7 The 
hematocrit is ot' minor significance in shock due to hemorrhage since the 
remaining blood is diluted by tissue fluids and the hematocrit decreases. 
It the shock is due to trauma or operative procedures, the hemoconcen- 
tration, unfortunately, varies in degree, and individual determinations 
may he of little value. A hematocrit of 45 per cent may indicate hemo- 
eoneentration in a patient who has an anemia, but this would not be 
evident unless a control determination were available. If the hemato- 
crit is markedly increased the individual determination is of value, but 
if not, the trend of at least two determinations must be known. It thus 
becomes of limited value in the evaluation of a patient in the accident 
ward. The hemoeoncentration of the burned patient is of unquestion- 
able value, and this will he discussed later. 

5. Plasma Specific Gruvitu and Plasma Protein Concentration . — 
Scuilder* has emphasized the increase in plasma and blood specific 
gravity which occurs in shock, and he feds that this can be used in the 
clinical evaluation of the shocked patient. The specific gravity of plasma 
will not increase unless more fluid than protein is lost from the circula- 
tion, and dehydration is not the outstanding feature of shock during 
the early stages. Large amounts of protein are lost from the circulation 
whether the shock is due to trauma or burns, and this loss may occur 
so rapidly that the plasma specific gravity decreases rather than in- 
creases. In experimental shock produced by intestinal trauma the 
specific gravity decreases (Fig. 1). This decrease has been uniform in 
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all of ! he experiments in whidi the animals developed peripheral cir- 
culatory failure, and in general (lie most marked fall of (lie specific 
gravity occurs in the animals most profoundly shocked. When these 
animals are treated with plasma, the rise in blood pressure is usually 
associated with an increase in the plasma specific gravity. 


Specific gravity determinations have been done at frequent intervals 
during abdominal operations which resulted in varying degrees of 
peripheral circulatory failure. The specific gravity has shown a definite 
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tendency to decrease with the development of shock when no fluid 
therapy was given. The patients who were in shock and received 
adequate plasma replacement therapy responded with an increase in 
or maintenance of the specific gravity. In early burn shock the plasma 
specific gravity may also decrease. In our experience it has been diffi- 
cult to prevent the specific gravity from falling by administering 
adequate plasma, and tire problem of increasing plasma protein con- 
centration has not occurred. If a burn has been neglected, secondary 
dehydration may develop, but this is not a factor in tire initial treatment. 
The initial loss of protein in and around the burned area is so great that 
the plasma specific gravity decreases. This should not be confused 
with the concentration of tire hematocrit, but should be considered as a 
separate change. 

TREATMENT OP SHOCK 


The importance of the early recognition of impending shock has 
been stressed because it is in the early stages that replacement therapy 
can be most effectively accomplished. Tire decreased blood pressure of 
hematogenic shock develops only after there lias been a marked decrease 
in blood volume and the circulation is no longe r able to compensate 
by peripheral vasoconstriction. If the blood volume can be replenished 
before this advanced stage is reached, many of the deleterious effects 
of peripheral circulatory failure may be avoided, and the patient will 
respond more favorably. The injured patient should be treated as soon 
as possible; an boar’s delay may mean the difference between irrepara- 
ble circulatory damage and compensable impending failure. The com- 
pound fracture should not he debrided or the burn treated locally until 
blood or plasma is available and intravenous injection started. One 
of the greatest errors of clinical judgment is to underestimate the 
seriousness of an injury, and to have the patient develop the classical 
signs of shock on the operating table without having received adequate 
shock therapy. The ease with which blood or plasma may be preserved 
no longer permits the excuse that proper fluid was not obtainable. 


The treatment of shock may be divided into two main categories: 
(1) General features including oxygen and drug therapy, and (2) fluid 


replacement. 

General Features . — The injured patient should be made as comforta- 
ble as possible and small doses of morphine are not contraindicated 
after the extent of the injury has been determined. Major bleeding 
should be controlled and compound fractures should be temporarily 
immobilized to prevent further damage to the soft tissues. The patient 
liould be kept warm, but Blalock and Mason'- have shown that over* 
l . tin ,r may be deleterious. At the present it seems most advisable to 
lCa ~ ^ oc p- peat by means of blankets, etc., but excessive external 
consen ^j^jeated. The foot of the bed or stretcher should be 
heat 1S p ro mote venous return from diminished peripheral eimda- 
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tiou. The administration oE a high concentration of oxygen is of value 
in combating the anoxemia of shock. Wood, Mason, and Blalock 1 " have 
demonstrated experimentally that an increase in oxygen content of 
arterial and venous blood is beneficial in the shocked animal, and clinical 
experience has confirmed their observations. 

The use of vasopressor drugs such as adrenalin and ephedrine should 
be discouraged. Freeman and others 2 have shown that shock may be 
produced by prolonged administration of adrenalin. Compensatory 
peripheral vasoconstriction is already present in hematogenic shock, and 
further constriction may lead to increased capillary stasis and anoxemia. 
Small amounts of ephedrine or adrenalin are permissible in the early 
neurogenic shock, but the patients should be carefully selected. 

Adrenal cortical extract is being recommended in shock on the theory 
that it will prevent or decrease capillary permeability. The work 
of Swingle and others 14, 13 has resulted in favorable reports of its 
efficacy. Rhoads” 1 has used adrenal cortical extract in conjunction 
with plasma in treating burned patients. Their results indicate that 
less plasma is required to maintain the blood volume if adequate 
adrenal cortical extract is used. Although these results seem definite, 
the response of the burned patient is variable, and great care must be 
taken in evaluating clinical results. This is by no means a condemna- 
tion of the extract, but merely a reservation of final opinion until this 
method of treatment has withstood the test of extensive clinical evalu- 
ation. In our clinic, burns of apparently equal severity have been 
treated with and without the extract with no appreciable difference in 
protein and fluid requirements. If there is a generalized increase in 
capillary permeability in secondary shock, the method is sound; if 
all the fluid is lost at the site of the damaged capillaries it would seem 
of less value. 

Fluid Replacement . — The most fundamental aspect of the present- 
day treatment of shock is the replacement of the various elements lost 
from the circulation. The proper treatment demands an understanding 
of the relative proportion of red cells, fluid, and protein which are 
lost in various types of hematogenic shock. Fig. 2 is a schematic repre- 
sentation of the relative amounts of the three elements present in the 
blood stream when the decreased blood pressure is due to (1) dehy- 
dration, (2) hemorrhage, (3) trauma, and (4) burns. The electrolytes 
and other components of the plasma are disregarded for purposes of 
simplicity. The dehydrated patient requires only the parenteral in- 
jection of normal saline solution. The total circulating protein and 
red cells have not been depleted. 

When the blood volume is depleted by hemorrhage the protein, fluid, 
and red celts are lost in the same proportion as they existed in the 
blood. If the hemorrhage has been minor, the volume may he restored 
with saline solution or, if more extensive, whole blood should be used. 
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The body will tolerate extensive loss of red cells, but a serious hemor- 
rhage may result in a serious loss of protein. If the circulation is re- 
stored with plasma, red cells may be mobilized from areas of stagnation 
or reserve sources. Brennan 17 has shown that an actual increase in 
circulating red cells may result from plasma injections following hemor- 
rhage. Slow prolonged hemorrhage may result in the visceral changes 
of traumatic shock, and require the same type of treatment. 
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2 — Schematic lepiesentation of shift of blood components in slioch. 


In traumatic shock whole blood is lost at the site of injury, hut 
there is an excessive loss of plasma from the damaged capillaries. 
Consequently, the total volume of red cells may be decreased, but the 
most marked decrease occurs in the fluid and protein elements ot tne 
circulation. Actual determinations of the plasma volume may indicate 
a 50 per cent reduction of fluid. Although the concentration ot cir- 
culating plasma protein may be normal or only slightly decreased, the 
total circulating protein is greatly reduced. The intravenous mjec «> 
of saline solution is detrimental. The saline solution causes dilution 
of the remaining protein and a resultant decrease in colloid osmotic 
pressure It mav cause a temporary increase in blood pressure, but the 
inci eased hvdrostatic pressure will result in further piotem loss ami 
more profound shock. Plasma or whole blood should be used m 
fniumnlie shock to ro|,l»oo „ol<-.|ui,tclv the 

I U .„ P amounts necessary must be emphasized, as 1,500 or 2,000 ‘.i. 
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1 lu 1 . j s ] () _a q’| R . /hud in the vesicles contains -1 to •> t a ri). 

plasma P U1 tu • about 90 per rent of this protein is albumin, 

per ci ill t j i(? albumin-globulin ratio results. It is of interest 

an iuveision o | JllIIUI j jutituts the loss of piotein is .so gicat 

to note that m 1 .'. > v i t \ ami inotein concent lation deeieasts. 

that the plasma speutm -«•> • 



MAHOXEY AND HOWLAND: SHOCK 


195 


For this reason, the burned patient requires very large amounts of 
plasma to replenish the fluid and protein. -Saline injections are as 
deleterious in burns as in traumatic shock because of protein dilution 
and resultant edema. 

A comparison of the response of two burned patients to fluid therapy 
emphasizes the importance of carefully analyzing the changes as they 
occur in the circulation. Patient ff. -S. (Fig. 3) was admitted to the 
hospital in profound shock with second- and third-degree burns of the 



entire trunk, face, neck and both arms. The severity of the shock is 
indicated by the fact that his blood pressure did not reach a normal 
level for thirty-six hours in spite of intensive fluid therapy. This pa- 
tient received a total of 2,200 e.e. of plasma and 6,600 e.e. of saline 
solution during the first twenty-four hours with a resultant marked 
decrease in the plasma specific gravity. Ilis condition was so serious 
that it was impossible to adequately debride and treat the burned area; 
however, tannic acid and silver nitrate were applied to decrease local 
fluid loss. Actually he required an amount of fluid greater than his 
entire blood volume to maintain the circulation in spite of the use of 
adrenal cortical extract. It is obvious from the decrease in the plasma 
specific gravity and protein concentration that he should have received 
much more protein and less saline solution. The albumin-globulin ratio 
became inverted by the second day, and this is due to the greater loss 
of albumin than globulin in the burned area. This ease also illustrates 
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the possibility of error inherent in the specific gravity determination 
of protein concentration. Plasma protein analyses were performed by 
the micro-Kjeklahl method as a check on the specific gravity. There 
is a close relationship between the results obtained by the two methods 
when the albumin-globulin ratio is normal, bnt the specific gravity 
interpretation is less accurate when the albumin-globulin ratio is re- 
versed. The hematocrit remained concentrated during the first twenty- 
four hours, but on the second day returned to the normal level. 



The second ease illustrated is that of a 9-year-old girl who had 
received second- and third-degree burns of the trunk and arm involving 
about 30 per cent of the body surface ( Pig. 4). The plasma specific 
Gravity and protein concentration were maintained at a normal level 
\V the injection of whole plasma and comparatively little saline. Her 
course during tin's period was uneventful, the blood pressure was 
L0 intained, temperature did not rise above 3S.iP <J„ .die tolerated 
r ' U1 . , 1)V n ’ oU th, and the urinary output was adequate. Although she 
i lU S * eS ten.siveIy burned as the first patient, tin- various observers 
that she would have developed peripheral circulatory failure 
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without adequate therapy. The local burn was treated with sulfadiazine 
in triethanolamine. 

Each burned patient must be evaluated as an individual problem. 
The red blood count and hemoglobin should be determined at frequent 
intervals. If facilities are available the red cell hematocrit, plasma 
specific gravity, and protein concentration yield valuable information 
in determining fluid therapy. In our experience the specific gravity 
and protein concentration have been found to decrease rather than 
increase during the first few hours before plasma is started. It is 
true that the specific gravity might have increased if treatment had 
been deferred sufficiently long to allow dehydration to develop. This 
early fall in specific gravity can be readily explained by the tremendous 
loss of fluid and proteins into the vesicles and into tissues beneath the 
burned area. The greatest loss of protein occurs during the first twenty- 
fours hours, and whole plasma is usually necessary to compensate for 
this loss. There is relatively less protein lost during the second twenty- 
four hours, but in severe burns parenteral protein injections are still 
necessary. The hematocrit may fall below normal by the third or fourth 
day, necessitating whole blood transfusions. The necessity of determin- 
ing the blood nonprotein nitrogen and chlorides should be stressed. No 
hard and fast rule of fluid therapy will be satisfactory in all patients, 
and only by careful attention to details can the patient be adequately 
treated. 

CONCLUSION'S 

1. The early recognition of shock and its therapy depend on a 
knowledge of the physiologic changes occurring in the failing circula- 
tion. 

2. There is no single diagnostic criterion by which impending circu- 
latory failure may be recognized and at tire present time the diagnosis 
depends on a general evaluation of the patient. The inadequacy of single 
hematocrit and plasma specific gravity determinations has been stressed. 

3. The plasma specific gravity may decrease rather than increase 
in the early stages of shock. 

4. Adequate fluid therapy depends on the relative amounts of red 
cells, fluid, and protein which must be restored to the circulation. 

a. Fluid therapy is most efficient when instituted before the patient 
develops the classical signs of shock. 
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STUDIES OP THE ARTERIAL OXYGEN SATURATION IN THE 
POSTOPERATIVE PERIOD AFTER PULMONARY 
RESECTION 

Herbert C. Maier, M.D., and Andre Co urn and, M.D., New 1 ork, N. T . 
(From the Tuberculosis Set vice, Bellevue Ilospital, and the Departments of Surgery 
and Medicine of the College of Physicians and Surgeons, Columbia University) 

A NOXIA, or oxygen want in the tissues, has widespread detrimental 
• effects that have been recognized for some time and many investi- 
gations on this subject have been published recently. Since one of the 
chief causes of anoxia is impairment in the oxygenation of the blood 
as it passes through the lung, one might expect to encounter anoxia 
following major thoracic operations. Clinically, however, oxygen want 
is often undetected, and the significance of anoxia of slight degree is not 
sufficiently appreciated. Little is known of the severity, frequency, and 
duration of oxygen want after pulmonary resection. In the present 
investigation several hundred determinations of the arterial oxygen 
saturation have been made in the postoperative period in order to obtain 
an accurate estimate of the degree of anoxia after the various types 
of major thoracic procedures, and these values have been compared in 
most instances with preoperative determinations. Special attention has 
been given to cases of pulmonary resection. 

It should be emphasized that no attempt is made to evaluate all 
aspects of anoxia in thoracic surgery on the basis of the data here re- 
ported. AVe have studied the occurrence of lowering of the oxygen 
saturation of the arterial blood, that is anoxic anoxia, and we have some 
information about anemic anoxia from oxyhemoglobin capacity deter- 
minations, but to date we do not have accurate information concerning 
the importance of stagnant anoxia in thoracic surgery. 

The recognition of lowering of the oxygen saturation of the arterial 
blood is of considerable clinical importance. The anoxia encountered 
after thoracic surgery usually can he corrected by the administration of 
an adequate concentration of oxygen by inhalation therapy. If un- 
treated, the anoxia may he the forerunner of numerous postoperative 
complications. 

TECHNIQUE 

A determination of the arterial oxygen saturation was usually done 
within the first few days after operation, and often on the first post- 
operative day. Additional determinations were made during the post- 
operative period, but none was made during the first few hours after 
operati on when the effects of a general anesthesia were still present. 
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followed ill the postoperative period until a normal arterial oxygen 
saturation was found. 

PXEUMOXECTOM Y 

The results of the arterial oxygen saturation determinations after 
pneumonectomy are presented in Table I. In a few patients with a 
very satisfactory clinical course the arterial blood had a normal oxj gen 
saturation within two to three days after removal of one lung. The 
majority of the patients, however, had slight reduction in arterial oxy- 
gen saturation for the first week after pneumonectomy. In no instance 
did the percentage saturation drop below 85 per cent at any time un- 
less serious postoperative complications occurred. 

In two cases there was a prolonged arterial oxygen unsaturation as- 
sociated with a deviation in the position of the mediastinum. In one 
of these patients (E. B.) the clinical course was quite satisfactory but 
a large fluid accumulation on the operated side displaced the medias- 
tinum into the normal side. Restitution of the mediastinum to a median 
position by the withdrawal of fluid resulted in a rapid return of the 
arterial oxygen saturation to a normal level. The other patient (D. M.) 
was a 62-year-old male with senile type of emphysema in both lungs 
and carcinoma of the left lung. Prior to the preoperative pneumothorax 
the arterial oxygen saturation was 90.7 per cent, which is almost normal 
for a man of his age. The arterial oxygen studies in the postoperative 
period were of great interest. The pneumonectomy was well tolerated 
as far as the surgical procedure was concerned. The arterial oxygen 
saturation dropped only slightly in the first few days after pneumonec- 
tomy. Although no surgical complications developed, the arterial oxy- 
gen saturation continued to drop gradually during the next three weeks. 
The pulmonary function was investigated and it was discovered that 
the residual air volume had reached the very high value of 70 per cent 
of the total lung volume. This finding indicated that because of the 
displacement of the mediastinum to the operated side the remaining 
lung was in a markedly overdistended state and as a result was not 
properly ventilated. In order to lessen the overdistention in the re- 
maining lung a pneumothorax was induced on the operated side so that 
the mediastinum would be less deviated. With return of the medias- 
tinum to approximately the preoperative position there was a rapid im- 
provement in the arterial oxygen saturation associated with a decrease 
in the distention of the lung. The reason for the disturbance caused 
by the mediastinal displacement following pneumonectomy in this ease 
was the pre-existing emphysema in the remaining lung. Followin'* 
overdistention this already emphysematous lung could not adjust itself 
functionally as a normal remaining lung usually does after pneumonec-' 
tomy. 

lobectomy 

The results of the arterial oxygen determinations after lobectomy are 
presented in Table II. Following lobectomy the arterial oxygen satura- 
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Jn most installers tlic* patients were receiving sedatives and narcotics 
during the period in which the studies of the arterial oxygen saturation 
were made, bill rarely was the blood sample taken shortly after a nar- 
cotic. was administered. Moreover, the doses of morphine employed were 
small. It the patient was receiving oxygen therapy, as was frequently 
the case ill the early postoperative period, he was removed from the 
oxygen tent, or the oxygen by catheter or mask was discontinued for 
a period of at. least thirty minutes, and usually over an hour, before the 
arterial blood was taken, ft is recognized that even an hour after 
discontinuing oxygen therapy the blood may not have returned to its 
basic level of unsaturalion, especially if the degree of anoxemia is 
severe. In some instances the taking of the blood was postponed for a 
day or so because it was considered inadvisable to discontinue the oxygen 
therapy even for one-half hour. 

The arterial blood for analysis was obtained from the brachial artery 
under anaerobic conditions. The blood was drawn into pipettes within 
fifteen minutes of the time it was withdrawn from the artery. The 


oxygen content and oxygen capacity of the blood wore immediately 
determined by the method of Van Slykc and Neill, and the per cent 
saturation calculated. All determinations were done in duplicate. In 
the method employed the normal range of saturation of the arterial 
blood with oxygen is 04 to 96 per cent except in older subjects in whom 
values down to 02 per cent may be regarded as normal. 1 We consider 
an arterial oxygen saturation of less than 90 per cent as indicating 
a clinically significant degree of anoxia. Less than S5 per cent satura- 
tion of the arterial blood indicates a relatively severe degree of anoxia. 

The carbon dioxide content of the arterial blood was also determined, 
but since the results do not appear to be particularly significant the 
data on carbon dioxide are not presented. 


MATERIAL 

The oxygen saturation of the arterial blood was studied after a 
variety of thoracic surgical procedures, but particular attention was 
given to cases in which the patients had been subjected to pulmonary 
resection. A total of 17 patients w T as studied following pneumonectomy, 
and 13 of this group were followed until the arterial oxygen saturation 
returned to a normal level. Tlie 4 remaining patients died in the post- 
operative period. Of the 17 pneumonectomy eases, 12 were total pneu- 
monectomies, i.e., the lung was removed completely by hilar dissection, 
whereas in the remaining 5 cases a tourniquet was employed and a 
fragment of pulmonary tissue was left behind. In addition to these 
cases there was one patient (hi. K.) in whom all of the right lung 
except a small portion of the upper lobe was removed. This case will 
be discussed separately later. 

A o-roup of 21 patients was studied following lobectomy. In some of 
these^cases a bilobectomy was done. In most instances the case was 
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tion returned to a normal level somewhat more slowly than in the un- 
complicated pneumonectomy eases. Host of the determinations made 
within a week of operation revealed some anoxic anoxia. In most of 
the eases in which the arterial oxygen saturation remained abnormally 
low for more than a week pcstoperatively some interference with pul- 
monai’y ventilation was present. In a few instances, however, the ar- 
terial oxygen saturation was low for a period of over a week in spite 
of excellent re-expansion of the remaining lobe on the operated side 
and in the absence of any postoperative complications. The explana- 
tion of this finding is apparently a temporary impairment in the cor- 
relation of ventilation and circulation in the remaining pulmonary tis- 
sue on the operated side. If, after lobectomy, difficulty is encountered 
in re-expansion of the remaining lobe on the operated side, several 
weeks may elapse before the arterial oxygen saturation reaches a nor- 
mal level. In the ease of C4. II. the remaining lobe did not re-expand, 
but the arterial oxygen saturation nevertheless gradually became nor- 
mal. If pleural fluid accumulates due to inadequate drainage after 
lobectomy, the remaining lobe may he compressed and oxygenation of 
the blood interfered with. If a pneumonic process develops in either 
lung, anoxia may result. The retention of bronchial secretion may lead 
to severe anoxia as well as atelectasis and pneumonic infiltration. Other 
factors are diminished respiratory movements and mediastinal displace- 
ment. Abnormalities of the remaining pulmonary tissue, especially 
emphysema and fibrosis, are of great importance. 

A small amount of lung tissue which is poorly aerated, but still well 
perfused with blood, may significantly aft'eet the arterial oxygen satura- 
tion. This is well illustrated by a case of bronchiectasis (II. K.) in 
which the risht lower and middle lobes as well as a large part of the 
right upper lobe were removed. The remaining portion of the upper 
lobe re-expanded slowly. The arterial oxygen saturation remained be- 


tween 86 and 90 per cent for six weeks after operation and did not 
reach a normal level until two months after operation. During most 
of the postoperative period there was no dyspnea or cyanosis but the 


patient complained of anorexia and headache which were improved bv 
oxygen therapy. It seems probable that the remaining portion of the 
riuht upper lobe was perfused with blood from the pulmonary artery 
before adequate ventilation of these alveoli was restored. Had a total 
pneumonectomy been done instead, the arterial oxygen saturation would 
probably have reached a normal level much more rapidly. (Table I). 

The effect of a bronehoeutaneous fistula oil the arterial oxygen sat- 
uration ua.s studied in one ease. When a large bi-onehial fistula de- 
%eh.ps after pneumonectomy, it is obvious that severe degrees of anoxia 
may result from interference with adequate ventilation of the remaining 
hum. \\e studied a ease in which a moderate-sized fistula developed 
alter lobectomy. The findings are shown in Table III. 
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tion returned to a normal level somewhat more slowly than in the un- 
complicated pneumonectomy cases. Most of the determinations made 
within a week of operation revealed some anoxic anoxia. In most of 
the cases in which the arterial oxygen saturation remained abnormally 
low for more than a week postop eratively some interference with pul- 
monary ventilation was present. In a few instances, however, the ar- 
terial oxygen saturation was low for a period of over a week in spite 
of excellent re-expansion of the remaining lobe on the operated side 
and in the absence of any postoperative complications. The explana- 
tion of this finding is apparently a temporary impairment in the cor- 
relation of ventilation and circulation in the remaining pulmonary tis- 
sue on the operated side. If, after lobectomy, difficulty is encountered 
in re-expansion of the remaining lobe on the operated side, several 
weeks may elapse before the arterial oxygen saturation reaches a nor- 
mal level. In the ease of G. M. the remaining lobe did not re-expand, 
but the arterial oxygen saturation nevertheless gradually became nor- 
mal. If pleui-al fluid accumulates due to inadequate drainage after 
lobectomy, the remaining lobe may be compressed and oxygenation of 
the blood interfered with. If a pneumonic process develops in either 
lung, anoxia may result. The retention of bronchial secretion may lead 
to severe anoxia as well as atelectasis and pneumonic infiltration. Other 
factors are diminished respiratory movements and mediastinal displace- 
ment. Abnormalities of the remaining pulmonary tissue, especially 
emphysema and fibrosis, are of great importance. 

A small amount of lung tissue which is poorly aerated, but still well 
perfused with blood, may significantly affect the arterial oxygen satura- 
tion. This is well illustrated by a ease of bronchiectasis (II. K.) in 
which the right lower and middle lobes as well as a large part of the 
right upper lobe were removed. The remaining portion of the upper 
lobe re-expanded slowly. The arterial oxygen saturation remained be- 
tween 86 and 90 per cent for six weeks after operation and did not 
reach a normal level until two months after operation. During most 
of the postoperative period there was no dyspnea or cyanosis but the 
patient complained of anorexia and headache which were improved by 
oxygen therapy. It seems probable that the remaining portion of the 
right upper lobe was perfused with blood from the pulmonary arterv 
before adequate ventilation of these alveoli was restored. Had a total 
pneumonectomy been done instead, the arterial oxygen saturation would 
probably have reached a normal level much more rapidly. (Table I) 
The effect of a bronehociitaneons fistula on the arterial oxygen sat- 
uration was studied in one case. When a large bronchial fistula de- 
velops after pneumonectomy, it is obvious that severe degrees of anoxia 
may result from interference with adequate ventilation of the remaining 
lung. We studied a case in which a moderate-sized fistula developed 
after lobectomy. The findings are shown in Table III. 
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Table HI 
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Table IV 


Exploj: \toky Thoracotomy 




ARTERIAL OXYHEMOGLOBIN 

CASE 

TIME OP DETERMINATION 

COXTENT ! 

capacity 

SITCRVTIOX 



(SOL. %) 

(SOL. %) 

(%) 

R.R. 

Preopeiathe 

17.S 

19.7 

91.5 


4 days po-topeiatise 

15.fi 

17.2 

91.7 

n.o. 

1 day postoperative 

10 A 

11.3 

93.0 

R.P. 

Preoperative 

13.3 

17.0 

91.0 


7 days postoperative 

IBiiflts 

13.3 

01.fi 

J.T. 

Preoperatu e 

1 10.9 

1S.1 

92.7 


1 day postoperative 

[ 1X0 

15.fi 

90.0 


5 days postoperatne 

| 13.0 

| 11.7 

89.5 

R.Z. 

Preoperatise 

1C.1 

17.3 

93.1 


.1 days postoperative 

n.s 

10.5 

90.S 


operative complications. Although most of the patients studied after 
thoracoplasty showed an appreciable drop in the per cent saturation 
of the arterial blood with oxygen, these findings do not give a true pic- 
ture of the frequency of anoxia immediately following the thoracoplastic 
procedure. Not all of the patients subjected to thoracoplasty during a 
given period were studied but the investigation stressed rather the poor- 
risk group. 

In order to determine whether the finding of postoperative anoxic 
anoxia was peculiar to thoracic surgery, a small group of patients who 
had undergone major abdominal surgery was studied as controls. In 
determinations of the arterial oxygen saturation of thirteen patients 
shortly after an abdominal operation, chiefly procedures in the upper 
abdomen, no instance of anoxic anoxia was found (Table Y). None 
of these patients had any pulmonary complications but in some the 
diaphragm was elevated by abdominal distention. The patients were 
receivin'* morphine at the time the determinations were made. 
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([). M.) (ho usual pox( pneumonectomy mediastinal deviation toward the 
operated side could nut. lie tolerated because of the pulmonary emphy- 
sema present. Here again the arterial oxygen saturation returned to the 
pvcopernt ire level adieu (he mediastinal displacement was lessened. 

Longaere, Carter, and Quill 2 made an experimental study of some of 
the physiologic changes Following total pneumonectomy in dogs. These 
authors did not study the animals in (he early postoperative periodbut 
found little or no arterial oxygon unsaturation at rest two months after 
pneumoneetomy. A severe exercise which had not caused anoxia before 
pneumonectomy resulted in marked arterial oxygen unsaturation after 
pneumonectomy. Longa ere, Carter, and Quill quote Hcuer and Andrus 
as having noted in resting animals “a marked fall in the Wood oxygen 
content up to the eleventh day, returning to normal by the twenty - 
fifth to thirtieth day.” These determinations by Ileuer and Andrus 3 
were made on venous ami not arterial blood. It is not stated whether 
the venous blood was mixed venous blood from the right heart or 
whether the blood was obtained from a peripheral vein, although this 
would influence f ho results. Studies of the arterial oxygen satura- 
tion in the early postoperative period after pneumonectomy in dogs 
would not be applicable to man. When pneumoneetomy is performed 
in a dog, a contralateral pneumothorax results and therefore the ex- 
pansion of the opposite lung may be altered to a considerable degree 
immediately after operation. There are practically no data to be 
found in the literature concerning the degree and duration of anoxic 
anoxia which may occur in the early postoperative period after major 
thoracic surgical procedures in man. 

The effect which a bronchial fistula will have on the oxygen satura- 
tion of the arterial blood may vary with the size of the fistula. The 
effect of a bronchocutaucous fistula may be less marked than that of a 
bronchopleural fistula because of the possibility of move rebreathing 
with the latter. A large bronchial fistula may interfere seriously with 
adequate ventilation of the lungs. Touroff 4 has reported a case in which 
fatal anoxemia resulted from a large bronchopleural fistula following 
pneumonectomy. His patient became dyspneic and cyanotic whenever 
the opening to the large fistula was not occluded by a packing. No de- 
terminations of the arterial oxygen saturation were reported in that 

case. 

The oxygen saturation of the arterial blood was determined in a small 
number of cases after thoracic exploration. The operative procedures 
were performed chiefly for pulmonary tumors which proved to be in- 
ble. All of the cases showed a slight reduction in the arterial 
oxygen with the saturation varying from 89.5 to 93.0 per cent (Table 

IV). 

The arterial oxygen saturation was also studied in twenty-seven pa- 

• ts after thoracoplasty. A slight reduction in arterial oxygen satura- 

• U .. a often observed even in some good-risk patients with no post- 

tion "W&s ux v 
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apy. In one patient (A. F.) restlessness, mental confusion, and hallu- 
cinations with muscular incoordination were observed during marked 
anoxia. The cause of the symptoms was suggested by the determination 
of the arterial oxygen saturation. Instead of waiting for such symp- 
toms of anoxia to develop, however, it is preferable to make a deter- 
mination of the arterial oxygen saturation routinely. By this means 
the presence of anoxic anoxia will be detected in its earliest stages and 
indicate that the administration of an atmosphere rich in oxygen may 
be beneficial. 

SUMMARY AND CONCLUSIONS 

Studies of arterial oxygen saturation have been made, before and 
after operation, in 17 eases that had pneumonectomy and in 21 cases 
that had lobectomies. From the data obtained the following conclusions 
were drawn. 

1. Unrecognized anoxia is a common occurrence in thoracic surgery, 
and not infrequently is of major importance. 

2. Following lobectomy there was frequently some degree of anoxia 
for a week. The remaining lobe on the operated side re-expanded 
poorly in two cases and the anoxia was more prolonged in these in- 
stances. 

3. Following total pneumonectomy in the good-risk patient without 
complications, the oxygen saturation of the arterial blood returned to a 
normal level within a few days of operation. 

4. Complications in the postoperative period after lobectomy and 
pneumonectomy frequently resulted in anoxia. 

5. Significant anoxia was sometimes present in the absence of dys- 
pnea and cyanosis. Symptoms such as headaches, restlessness, and 
mental confusion encountered in the postoperative period were in some 
instances due to anoxia. 

(i. It' complications arise after pulmonary resection, prolonged oxygen 
therapy may be indicated. 

7. Determinations of the oxygen saturation of the arterial blood after 
thoracic surgery may reveal unsuspected anoxia, sometimes of severe 
degree. Since the technique is simple, arterial oxygen determinations 
should become a part of the management of patients after pulmonary 
resection. 
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It shoukl Ik* pointed out tlmt a normal arterial oxygen saturation 
does not necessarily mean that oxygen therapy would be of no benefit. 
Although the saturation of the arterial blood may be within normal 
limits, the venous blood may have an abnormally low oxygen content 
and the tissues may not be supplied with adequate amounts of oxygen. 
Uie use o i high oxygen concentrations may increase the oxygen con- 
tent of the arterial blood above ordinary levels and thus be an aid in 
the treatment of stagnant anoxia . 3 Also, in spite of a normal arterial 
saturation, oxygen therapy may be indicated in stagnant anoxia for the 


purpose of reducing hyperventilation and decreasing whatever dyspnea 
is present. 


Our present investigation has not included observations on the day of 
operation. The importance of avoiding anoxia during anesthesia and 
operation has received considerable attention recently. The importance 
of adequate ventilation and oxygenation during thoracic procedures 
cannot he overemphasized. Anoxia undoubtedly has been the main 
etiologie factor in many an instance of death during or shortly after 
a thoracic operation when the fatality was attributed to heart failure. 
Patients with pulmonary emphysema and fibrosis show the most marked 
disturbances in arterial oxygen saturation after thoracic surgery and 
even a relatively small intervention may* cause considerable anoxia. 

The effect of drugs which depress respiration must be considered in 
an evaluation of the causes of anoxia. During the early postoperative 
period the patients studied were receiving morphine and other seda- 
tives. Generally the drugs were employed in small doses. The blood 
for analysis usually was not obtained in close relationship to the time 
when the sedative was administered. McClure and liis co-workers 0 
have reported anoxia after the administration of various sedatives and 
analgesics, but we do not believe that this is a significant factor in our 
results. The cases investigated after abdominal surgery were receiving 
similar doses of morphine at the time they were studied and did not 
show anoxic anoxia. Large doses of sedatives, however, may well be 


a factor in anoxia. 

Determinations of the arterial oxygen saturation in the postoperative 
period after thoracic surgery have repeatedly demonstrated the inac- 
curacy of clinical criteria of anoxia. The unreliability of dyspnea and 
cyanosis as accurate signs of oxygen deficiency must be stressed. Severe 
anoxia may exist in the absence of cyanosis, especially if the patient 
is anemic. The importance of other signs and symptoms of anoxia, such 


as those seen at high altitudes, is frequently overlooked. 

Our investigation permitted us to compare the presence of clinical 
si°ns or symptoms of anoxia with the arterial oxygen saturation. In a 
considerable number of eases there was no dyspnea in spite of anoxic 
anoxia Cyanosis was often difficult to detect, sometimes because of 
‘ ^ number of patients complained of headache and anorexia 

the arterial oxygen saturation was below normal, and these symp- 
when j caused by anoxia, were frequently relieved by oxygen ther- 
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apv. In one patient (A. P.) restlessness, mental confusion, and hallu- 
cinations with muscular incoordination were observed during marked 
anoxia. The cause of the symptoms was suggested by the determination 
o£ the arterial oxygen saturation. Instead of waiting for such sj mp- 
toms of anoxia to develop, however, it is preferable to make a deter- 
mination of the arterial oxygen saturation routinely. By this means 
the presence of anoxic anoxia will be detected in its earliest stages and 
indicate that the administration of an atmosphere rich in oxygen may 
be beneficial. 

SUMMARY AXO CONCLUSIONS 

Studies of arterial oxygen saturation have been made, before and 
after operation, hi IT cases that had pneumonectomy and in 21 cases 
that had lobectomies. Prom the data obtained tlie following conclusions 
were drawn. 

1. Unrecognized anoxia is a common occurrence in thoracic surgery, 
and not infrequently is of major importance. 

2. Following lobectomy there was frequently some degree of anoxia 
for a week. The remaining lobe on the operated side re-expanded 
poorly in two cases and the anoxia was more prolonged in these in- 
stances. 

3. Following total pneumonectomy in the good-risk patient without 
complications, the oxygen saturation of the arterial blood returned to a 
normal level within a few days of operation. 

4. Complications in the postoperative period after lobectomy and 
pneumonectomy frequently resulted in anoxia. 

5. Significant anoxia was sometimes present in the absence of dys- 
pnea and cyanosis. Symptoms such as headaches, restlessness, and 
mental confusion encountered in the postoperative period were in some 
instances due to anoxia. 

fi. If complications arise after pulmonary resection, prolonged oxygen 
therapy may be indicated. 

7. Determinations of the oxygen saturation of the arterial blood after 
thoracic surgery may reveal unsuspected anoxia, sometimes of severe 
degree. Since the technique is simple, arterial oxygen determinations 
should become a part of the management of patients after pulmonary 
resection. 


REFERENCES 

l. Dill D. B., Graybiel, , A., Hurtado. A., aiul Taquiui, A. C.: I)er Gasaustauwli in 
<teu Lungon im Alter, Ztsclir. f. AUersforsclnrog 2: 20 19-10. 

- I.ungacre, ,I. J. Carter, B. X„ and Quill, L. Me G.: An Experimental Study of 

Some ot the l hvaiologie Uiunges Following Total Pneumonectomy, J. 
Tlioraoir Surg. G: 2.1 1 , ltd'. - 

IleU VolWi J -: n ml Am V U ' S \ T V ; : Tlu ' Alveolar Blood Gas Changes 
^ neumeetomy. Bull. Johns Hopkins Ho.-p. 33; 130 1922. 

ya ,„iV v'«' V " F =‘ t: d Aeeideiif.ll Anoxemia Resulting From Bronchopleural 

- , 1 Following loud 1 ueumoneetoniv, J. fhoraeie Surg. 8: 331, 1939. 

I',' ,?V?" 'rT’e' ;in< ! Blalock, A.: Studies on the Effects of the Inliala- 
ojT l!»jo t0nCl ' 1 ' U: ' tK>u o£ ° x . v iW“ »“ Experimental Shock, Suiaamv 8; 

MH A^Surhl0nTi4 W - S,hm ' ,,0rf ’ J - C "’ U ‘ l,! ^-Iwlling, U, Anoxia, 



I'’iu:i)i:kk:iv B. Mkah.s, M.D.,° Minneapolis, Minx. 

(brom the Department of Surgery, University of Minnesota Hospitals) 


HPJIJ5KB have always boon differences of opinion concerning the 
A secretion of gastric juice during the interdigestive period. Spal- 
lanzani (1783) and Brown (187(i) postulated that the secretion of 
gastric juice is continuous. Beaumont (1S47) observed that the gastric 
juice was never found free in the unstiniulatcd stomach of Alexis St. 
Martin. As early as 1895, Selmele studied the secretion and motility 
of the normal human stomach by means of a catheter left in situ. 
Pavlov (1910) and his pupils believed that, in the absence of secretory 
stimuli such as food, acting from the mouth cavity, stomach, or upper 
part of the small intestine and when certain “psychic influences” are 
also absent, the peptic glands remain in a state of rest under which 
condition no gastric juice is secreted. 

Rehfuss, beginning in 1914, determined the previous conception of the 
fasting stomach to be erroneous by obtaining amounts of 30 to 120 c.c. 
of fasting secretion from healthy medical students. • Carlson (1916) 
found that, in the absence of food or psychic factors, there was a con- 
tinuous secretion of the gastric glands varying from 2 to 50 c.c. an 
hour with an average content of 40 c.c. of fluid in the fasting stomach. 
He observed that this continuous or “hunger secretion” had a uni- 
formly lower acidity' than the appetite juice. Crohn and Reiss (1917) 
believed that an “after secretion” might persist for many hours post- 
prandial but they' considered it a manifestation of pathologic hyperse- 
cretion; they were unable to duplicate the work of Rehfuss in normal 
individuals. Rehfuss and Hawk (1921) inferred that the gastric re- 
sidua which they obtained were due to a constant secretion of the 
gastric glands which they believed to be continuously active. They 
found during the interdigestive period that the secretory rate, the free 
acidity, and the total acidity were all reduced. Lim (1924) considered 
the continuous secretion as the “basal secretion” of the stomach to 
which the subsequent enhanced activity of the glands, as a result of 
controlled stimulation, must be related. Chalfen (1928) and Henning 
and Norpoth (1933) reported that normal subjects did not have an acid 
secretion during the night in contradistinction to the secretion of a 
juice of high acid value by patients suffering from peptic ulcer. Win- 
kelstein (1935) confirmed this work when lie found that nine out 
0 f twenty normal patients showed no free acid secretion during the 
■erht the remainder having very low values with a composite peak 
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of 12° at eleven o’clock. He reported that the quantity of secretion 
seldom exceeded 15 c.c. during the whole night, whereas patients with 
peptic ulcer averaged high volume and acid values. 

Hellebrandt and co-workers (1936) contrasted the diurnal and noc- 
turnal responses of the same normal subjects. They found that, in 
general, the acidity of the gastrie juice spontaneously liberated during 
sleep at night was higher than that produced during the day and postu- 
lated that if the stomach has the ability to liberate spontaneously a 
juice of high acid value, its nocturnal responsiveness exceeds that of 
the day. 

Sandweiss (1911), in studying gastric secretion at night in both 
normal individuals and peptic ulcer patients, reports that he obtained 
secretory volumes in both groups much higher than previously reported. 
He found the volume of secretion significantly higher in ulcer patients 
although the concentration of free acid was about the same in both 
groups. 

Many theories have been postulated to explain the mechanism of in- 
terdigestive gastric secretion. It has been attributed to the mechanical 
irritation of the tube or a result of psychic influences producing a 
secretion via the vagus nerve. Carlson believed that the products of the 
autodigestion of the mucin and proteins in the gastrie juice yielded 
gastric secretogogues which act as chemical stimuli for a slow con- 
tinuous gastric secretion. However, Hellebrandt has pointed out that 
continuous aspiration affords minimal opportunity for this to take place. 
The whole problem was reviewed by Babkin (1932), who advanced the 
view that continuous gastric secretion is always due to the action of 
normal or abnormal stimuli among which he listed conditioned reflexes, 
the swallowing of saliva and regurgitation into the stomach of duodenal 
juices, food residuum in the stomach, food masses in the intestine, skin 
disease or infection, and the presence of gastric gases. Hellebrandt. 
in emphasizing the cyclic nature of the production of acid, postulates 
that gastric secretion, like gastric motility, is augmented during sleep 
at night, the secretory and motor mechanisms of the stomach being simi- 
larly governed. 

The importance of thoroughly comprehending the nature of the inter- 
digestive gastric secretion is readily realized when the vole of acid in the 
production of peptic ulcer is considered. The occurrence of ulcer only 
in those individuals whose stomachs secrete free hydrochloric acid; the 
hypersecretion of gastric juice in ulcer patients (particularly duodenal 
ulcer \ ; the occurrence of ulcer only in those parts of the gastrointestinal 
tract exposed to the action of gastrie juice: the occurrence of ulcer in 
Meckel's diverticulum adjacent to patches of ectopic fundus mucosa; 
the absence of recurrent ulcer in patients exhibiting achlorhydria alter 
gastrectomy; the success of medical management of ulcer when based 
on the principle of neutralization of the free acid; experimental ulcer 
production when gastric secretion impinges on a mucosa unprotected 
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l)y alkaline duodenal secretion, and the experimental production of 
nicer in laboratory animals after the injection of histamine in beeswax- 
all these occurrences contribute to accumulated evidence that acid gas- 
tric juice is the sine qua non of ulcer. Thus, it is believed highly 
probable that during the interdigestive phase the acid gastric juice, 
undiluted by other secretions and unmixed with diluting, adsorbing, 
and neutralizing foodstuffs may he harmful to the mucous membranes. 
Whether the hypersecretion and hyperchlorhydria during the night 
are cause or effect, it is fair to suspect that the acid gastric juice is 
responsible for the initiation of the lesion, for its extension, and for its 
chronicitv. 

There have been many attempts to control gastric secretion by the 
administration of pharmacologic products. Atropine and related com- 
pounds, because of their effect on the parasympathetic nervous system, 
have been extensively used. The regulatory activity of the vagus nerve 
on gastric acid secretion is an established fact hut the influence of the 
splanehnics is still open to question. Bickel (1925) believed that the 
sympathetic nervous system had the major role in the production of 
enzymes by the gastric glands whereas the parasympathetic nervous 
system played a secondary part, influencing chiefly the secretion of 
water and acid. Baxter (1934) has shown that the sympathetic nervous 
system lias some relation to the secretion of mucoid fluid by the gastric 
mucosa. However, it has never been definitely demonstrated that the 
sympathetic nerves directly influence the activity of the peptic or 
parietal cells. 

The site of action of atropine is usually considered to be on the post- 
ganglionic nerve endings in the cells or nenrocellular substance but the 
subject is not clearly settled. Gray and Atkinson have suggested that, 
since atropine does have some effect on the secretory response to hista- 
mine, it must act on the cell as well. Ivy advanced the suggestion that 
atropine may prevent the formation of the secretory hormone in the 
stomach. 

Since atropine depresses the parasympathetics, one would expect it to 
depress or completely inhibit the primary or cephalic phase of gastric 
secretion, which is a reflex transmitted to the stomach via the vagus 
nerve. In laboratory animals it has been found that the secretion of 
appetite juice may be abolished by atropine. In human beings, Belifuss 
found that / 5 o gr. atropine, given hypodermically, reduced this secretion 
but did not abolish it. The intestinal phase of gastric secretion is, ac- 
cording' to Ivy, mediated by the vagi and in laboratory animals is 
diminished or abolished by large doses of atropine. There have been 
no reports of the effect of atropine upon this phase in human subjects. 

What atropine does to the gastric or chemical phase, however, is not 
tear The vagi also seem to be concerned in the mechanism of this 
C . for Orbeli (1906) has demonstrated that after their section this 
^ 1 retion is diminished. Klein (1933) has shown that in dogs atropine 
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can abolish the secretion due to chemical stimuli in the stomach in trans- 
planted pouches deprived of all peripheral nerve supply and subject only 
to humoral influences. In man, however, some (Pokras and Michelson) 
believe that this phase cannot be suppressed although Bastedo states 
that doses large enough to cause toxic reactions may inconstantly bring 
about a distinct reduction in the amount of secretion and acid titer. 
It should be borne in mind, however, that the gastric phase is given 
its start by the chemical substances formed from food by the action of 
psychic juice; thus, it is possible that if the appetite juice is diminished, 
the chemical juice will be developed more slowly. 

Many other investigators have extensively studied the effect of 
atropine on gastric secretion. All who have observed its effect in ani- 
mals agree that secretion is checked in all of its normal phases. Keeton 
(1933) found that in the dog the first effect of atropine is to decrease 
total quantity of both the gastric secretion and the pepsin content 
whereas the acid concentration is not decreased until a sufficient amount 
of atropine has been given to reduce the total quantity of secretion to 
an amount approximately 20 to 50 per cent of its original volume. 
Atkinson and Ivy (1938) confirmed these results, obtaining a volume 
reduction of 50 per cent in the response of the Pavlov pouch secretion 
to histamine with a diminution of 66 per cent in the total acid output 
as measured in milligrams. Bastedo suggested that these results could 
only be expected with the large doses of atropine that can be given the 
experimental animal. 

However, there exist wide differences of opinion concerning the effect 
of atropine in man. Porter (1932) observed that the height reached by 
the free acidity was not affected by atropine but that the volume was 
definitely decreased, the reduction varying from 40 to 60 per cent. 
Keefer and Bloomfield (1926) and Atkinson and Ivy (1936) obtained 
similar results, the former reporting a marked diminution in the total 
quantity of secretion as well as a reduction in the acidity without 
parallelism in the degree of reduction of each. Atkinson and Ivv, 
studying the effect of atropine and its derivatives on the gastric 
secretion of nicer patients, concluded that there was no effect on the 
height of tiie titratabfe acidity but that the volume of secretion was 
diminished in comparison with the control. To obtain this effect, thev 
found it necessary to administer doses of artopine large enough to 
produce untoward side reactions. 

Lockwood and Chamberlin (1922) found that maximal chemical 
dosages of atropine depressed both the free and total gastric acidity 
about 30 per cent. Bolton (1923) and Roberts (1925) confirmed this* 
observation: all believed that the attendant relaxation of the pyloric 
sphincter associated with the regurgitation of the alkaline intestinal 
lluid. as indicated by the earlier appearance of bile in the samples and 
by the sudden or gradual rise of the inorganic chloride curve, allowed 
neutralization to occur earlier or more frequently. 
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KaUc and Siebcrl (1927), Holland (1980), and Kiumpp and Bowie 
(1933) reported Hint (lie volume of secretion was reduced after atropine 
but that the free acid values were higher. Polland attributed the rise 
of titra table acidity to tiie relatively slight inhibitory effect of atropine 
upon the total output of acid with a consequent increase in the amount 
of acid per cubic centimeter of gastric content. 

Crohn (1918) was unable to produce any reduction in gastric acidity 
by the use of atropine. Winlcelslein (1933) obtained equivocal results. 
Palmer (1933) and Bastcdo (1936) observed that atropine diminished 
the volume and acidity of gastric secretion but only in quantities suffi- 
cient to produce other unpleasant physiologic effects. The effect on 
gastric secretion was short lived while the toxic manifestations persisted 
for longer periods. In doses permissible for continuous therapy, they 
found that belladonna and atropine were practically without effect on the 
secretory and motor functions of the stomach. Bastedo emphasized that 
frequently the reduction in the volume of secretion is associated with 
a much smaller proportionate reduction in the total acid secreted re- 
sulting in a more strongly acid solution than normal with consequent 
increased irritant action. Doses large enough to reduce acid secretion 
were also found to reduce the secretion of protective mucin. 

There are many others who have reported the reduction of gastric 
acidity by the administration of physiologic doses of atropine. JRiegel 
(1899) found that atropine caused a decrease of free and total acid 
after a test meal of one liter of milk. Moore and Kilroe (1910) re- 
ported a reduction averaging 13.6° for free acid and 13.10° for total 
acid after the administration of belladonna by mouth. Mathieu and 
Roux (1914) considered atropine the most useful drug at their disposal 
for cases of hypersecretion. Schmidt (1914) believed that atropine 
diminished the secretion of the gastric glands and advocated its use 
in hyperacidity. Bennett (1921) found consistent diminution in gastric 
acidity after the administration of therapeutic doses of oral atropme. 
Schuff (1900), Bergman (1913), Chiari (1915), Hernando (1923), 
Kilterman (1925), Roll (1926), and Loeper and Fau (1933) may he 
listed among the many others who agree that atropine is effective m 
reducing gastric acidity^. 

The question as to why so many divergent results have been reported 
concerning the effect of atropine on gastric secretion lias frequently 
been raised. Atshuler (192S) attempted to reconcile contradictory ob- 
servations on the basis that the action of the drug depends upon what 
nlrise of activity the cells are in when the stimulus reaches them. lie 
believes that the same drug acting on the same cell might at one time 
result in stimulation and at another in inhibition. However, it is probe- 
I that most of the inconsistencies are due to differences in atropine 
o-e and method of administration, different types of stimuli used 
0S ) a , secretion (test, meals, alcohol, histamine), duration of test 
1:0 111C . me re ] a tionships relative to the administration of atropine, and 
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differences in criteria used’ for determining inhibition of secretion. The 
leason for the difference in atropine action between man and dog 
is unknown. Klein postulates that one cause may be that more of the 
humoral stimuli act directly on the cell in man; in this case atropine 
would be relatively less effectual. 


METHOD 

Observations were made upon fifty L niversity Hospital patients who 
presented no evidence of gastrointestinal disease other than chronic 
cholecystitis 13 and recurrent appendicitis in the internal phase. 11 In 
addition, fifteen patients with active duodenal ulcers were studied. 



I Ig 


1 — Cmili 'Sowing volutins of gastric Juice secreted at night b\ 
llflit n ulcn mtu-iits (average sallies). 


fifty normal and 


The a\ erage age of the gioup selected as normal was 41.4 years the 
voting*, si patient being 16 >eais, the eldest 73 years. Thirty were female 
twenty male. In the ulcer group, thirteen were male, two female. The 
average age was 43.6 years with the v oungest 29 years, the eldest 64 
v eats. 

The method of study of the patients in eaelt group was identical. Each 
patient was stnditd on two successive nights, the first night serving 
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a.s a control and airopiue bein'*: given on the .second. The usual hospital 
meals were served on each of the days preceding the test, the five 
o’clock dinner consisting of soup, meat, potato, vegetable, and dessert. 
Duodenal tubes were inserted through the nose into the stomach at 
seven o’clock, no lubricant being used and suction siphonage instituted 
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Fig. 2. — Graph showing free acidity of gastric juice secreted at night by fifty normal 
and fifteen ulcer patients (average values). 
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directly. At nine o’clock, 2 gr. sodium luminal were given hypo- 
dermically ; this was repeated in five hours if the patient was still awake. 
Xo fluids were allowed after nine o’clock. Xo attempt was made to 
aspirate the salivary secretion. 

At ten o’clock the leturns from the suction weie diseaided, following 
which collection was made of the gastric secretion at intervals of two 
horns during the night. On the second night, the procedure was identical 
except tor the administration of Vn gr. atropine sulfate dissolved in 
120 cc of tap water by pioctochsis at 10 p.m , 1 v.m., and 4 \.m,, 
using a continuous drip adjusted to a rate of four drops a minute. 

The volumes of each of the two hourly letums were measured and 
the free and total acidity determined using Toepfer’s solution and 
phenolphthalein as indicators. Xo accurate notations were made re- 
garding the presence of food particles, bile, blood, etc. in the samples. 

RESULTS 

The results are graphically recorded in Figs. 1, 2 and 3. The normal 
gioup presented a mean secretory rate of 29 3 c c. per hour in contrast 
to the avciage of 6S ec. per hour in the control ulcer series. With the 
use of atropine theie was a mean decrease in the volume of secretion, 
flee and total acidity as shown in Table I. 

T \BU. i 


SOI.MU OP.Ole VLCEl; M.OLP 

Volumo 3 ! cc. (22 0%) 00 c c. (44 2%) 

Free .uni 3° ( 14%) 10° (40 4%) 

TotTl .aid" 3° (12 1%)~ (,° (11.1%) 
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Table II tepu seats an evaluation of the effect of atropine upon each 
individual studied The net change for the period of 10 pm. to 6 ui 
lollowing the admunstiation of atiopme, in \olume, flee and total acidity 
of gastne pine secieted was eakulatrd for each patient; a significant 
meusiM* or dim case was consideied as a \ an.it ion fiom tlnT tout lol 

• a inoie than 2(1 pel cud 

Ol the twentv -lour eases in tile iiounal seiies showing a significant 

• it el ease in the amount of fiee acid after atropine administiation, 
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eighteen had no free acid in two or more of the two-hour periods aud 
nine had no free acid in all four of the two-hour periods. Five patients 
in the ulcer group were achlorhydric in all specimens after the ad- 
ministration of atropine. 

The only untoward side action to atropine noted was a dryness of the 
mucous membranes of (he nose and throat of which the majority of the 
patients complained. Tachycardia exceeding 100 was present on only 
five occasions. No patient exhibited cerebral symptoms from the ad- 
ministration of the drug. 

SUMMARY 

1. The nightly gastric secretion of fifty normal and fifteen ulcer 
patients was studied on each of two successive nights, the first night 
serving as a control, with atropine being given by proctoclysis the 
second night. 

2. In the control period, mean values indicate that the secretory rate, 
volume of secretion, free and total acidity are higher for the ulcer group. 
Atropine diminished the volume of secretion as well as the free and 
total acidity in both the normal and ulcer series. The decrease in these 
values was more pronounced in the ulcer group. 
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ENDOMETRIOSIS : CLINICAL AND THERAPEUTIC 
CONSIDERATIONS 

With a Rei*okt of 120 Private Cases 

R. L. Sanders, M.D., Memphis, Tenn. 

P NDOjMETRIOSIS, after more than twenty years of fairly intensive 
i— < investigation, still holds the unabated interest of physicians and 
surgeons, for several reasons. Its etiology remains largely a matter 
of speculation, its pathologic and clinical manifestations continue to 
defy recognition, and the proper methods of its treatment are still 
disputed. Further, the condition is far more prevalent than the pro- 
fession in general yet realizes. Chiefly responsible for this fact, no 
doubt, is its common association with adenomyosis and other pelvic 
diseases; the surgeon is easily deceived into attributing the patient’s 
symptoms to one or more of these disorders and overlooking entirely 
the possibility of endometriosis. 

Believing that a fuller appreciation of the true incidence of en- 
dometriosis can be gained, and that some of the problems involved 
can best be clarified by reports of individual experiences and studies 
of selected cases, I will discuss the clinical and therapeutic features 
of the condition as I and others have observed them, and will follow 
this with a critical review of my own cases treated within recent 
years. 

Opinion regarding the mode of origin of endometriosis is divided 
chiefly between two theories: one, that of Sampson, 9 that the masses 
develop from bits of mullerian mucosa deposited on the peritoneum 
by retrograde menstrual flow; that they either remain superficial or 
invade and contract the underlying structure; and that, after invading 
the ovary, they enlarge and give rise to a cyst, which ruptures and in 
turn disperses other implants over the pelvic structures. According 
to the second theory, suggested by Ivanoff, 3 the process develops by 
metaplasia of celomic epithelium. Still another possibility was ad- 
vanced by Cullen 2 : that the endometrial tumors grow from embryonic 
rests of mullerian tissue. In any event, it is generally believed that 
the basic factor is a glandular imbalance which results in overactivity 
of the hormones, and, further, that this influence often continues in the 
ectopic endometrium, causing it to enlarge and recede with each men- 
strual period. 

Just when this hormonal activity begins to incite the pathologic 
process is likewise a matter of conjecture. Some authors believe it be- 
gins with the onset of menstruation, or soon thereafter, and progresses 
slowly over a period of years. This may be true of cases in which the 
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uterus is not involved; it is questionable, however, whether it applies to 
those wherein benign uterine disease is associated, although the latter 
also is believed to be activated by glandular hvperfunetion. It has been 
our observation, and that of others as well, that adenoniyosis usually de- 
velops in older women. 

The reason for the later appearance of tumors of the uterus may lie 
in the structure of the organ, which may possibly prevent their early 
manifestation. Yet, this does not fully explain the difference. Drey- 
fuss , 3 among others, has suggested that multiparity may be one factor 
in uterine tumors, the sterility index being lower than normal in the 
lower age group. Meigs r is of the opinion that the appearance of en- 
dometriosis, on the other hand, may be favorably influenced by late 
marriage and contraception, in that hormone function is unrelieved 
by the physiologic rest afforded by pregnancy. Could the difference 
he one of origin ? The theory of metaplasia of celomic epithelium might 
best apply to endometriosis without uterine disease, especially since 
patients so affected fall in the younger age groups. 

Tliis thought leads to a consideration of the role of sterility in en- 
dometriosis. Since both sterility and endometriosis are evidence of 
glandular imbalance, it is conceivable that they are coincident features 
of the same disturbance rather than, as some authors believe, that 
sterility is an active agent in the disease process. This would seem to be 
true whether the endometriosis develops in a nullipara, the sterility in 
this ease being primary, or whether symptoms present themselves fol- 
lowing one or more pregnancies, the sterility then being secondary. 

The frequent association of retroversion with endometriosis has 
given list* to tin* opinion that this condition may also be a contributing 
influence. I am convinced, however, that, with few exceptions, the 
retroversion in these eases is caused by puckering and consequent 
shortening of the uterosacral ligaments by the implants, or by fixation 
of the uterus to tlu* sigmoid by adhesions incident to implants between 
these two structures. 

Piitholouu . — In the majority of eases, external endometriosis involves 
one or both ovaries, and the pelvic peritoneum as well. In the ovarv, 
it is usually present in the familiar chocolate cyst, though fragments 
of endometrial tissue are occasionally found in hemorrhagic and other 
types of ovarian cysts. Outside the ovary, the implants may be wide- 
spread over the pelvic floor and on the pelvic wall, or may be scattered 
at only a lew points. The most common site is the posterior wall of 
t he uterus, the uterosacral ligaments and the sigmoid also being in- 
volved. (iciierally. in such cases, the uterus is drawn backward and is 
attached to the sigmoid, and the whole constitutes a fixed mass. Often, 
extensive deposits are distributed along the sigmoid or rectum. Other 
common locations are the bladder fold of the peritoneum and anterior 
wall of the uterus and cervix, rectovaginal septum, and broad ligament. 
Karely. endometrial tissue is found in the inguinal region, in the 
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CONSIDERATIONS 
Wrnt a Rkkokt ok 120 Private Casks 
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C NDOMKTKIOSIS, after more than twenty years of fairly intensive 
J investigation, still holds the unabated interest of physicians and 
surgeons, for several reasons. Its etiology remains largely a matter 
of speculation, its pathologic and clinical manifestations continue to 
defy recognition, and the proper methods of its treatment are still 
disputed. Further, the condition is far more prevalent than the pro- 
fession in general yet realizes. Chiefly responsible for this fact, no 
doubt, is its common association with adenomyosis and other pelvic 
diseases; the surgeon is easily deceived into attributing the patient’s 
symptoms to one or more of these disorders and overlooking entirely 
the possibility of endometriosis. 

Believing that a fuller appreciation of the true incidence of en- 
dometriosis can be gained, and that some of the problems involved 
can best be clarified by reports of individual experiences and studies 
of selected cases, I will discuss the clinical and therapeutic features 
of the condition as I and others have observed them, and will follow 
this with a critical review of my own cases treated within recent 
years. 

Opinion regarding the mode of origin of endometriosis is divided 
chiefly between two theories: one, that of Sampson, 9 that the masses 
develop from bits of miillerian mucosa deposited on the peritoneum 
by retrograde menstrual flow; that they either remain superficial or 
invade and contract the underlying structure; and that, after invading 
the ovary, they enlarge and give rise to a cyst, which ruptures and in 
turn disperses other implants over the pelvic structures. According 
to the second theory, suggested by Ivanoff, 5 the process develops by 
metaplasia of celomic epithelium. Still another possibility was ad- 
vanced by Cullen 2 : that the endometrial tumors grow from embryonic 
rests of miillerian tissue. In any event, it is generally believed that 
the basic factor is a glandular imbalance which results in overactivity 
of the hormones, and, further, that this influence often continues in the 
ectopic endometrium, causing it to enlarge and recede with each men- 
strual period. 

Just when this hormonal activity begins to incite the pathologic 

■ cess is likewise a matter of conjecture. Some authors believe it be- 
y'° with the onset of menstruation, or soon thereafter, and progresses 
slowly over a period of years. 
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only clue to the nature of the disease. Indeed, the patient may have 
no difficulty whatever except at the menstrual period. An illustration 
of this fact is found in tumors of the broad ligament or abdominal 
wall, which manifest themselves solely by local tenderness and swell- 
ing at menstruation. 

Primary invasion of the sigmoid or rectum probably presents the 
most serious of the diagnostic problems associated with endometriosis. 
Although deposits are frequently found in these areas as a part of a 
general pelvic distribution, they seldom involve the colon nail to such 
an extent as to give rise to symptoms, and a primary endometrioma 
is even more rare. 

Signs of obstruction, the palpation of a mass posterior to the uterus, 
and the proctoscopic finding of a puckered area in the lumen of the 
bowel without an appreciable reaction in the surrounding tissues are 
fairly definite proof of the endometrial nature of the growth. The 
roentgenographie demonstration of a lesion is useful, hut cannot he 
relied upon for a differential diagnosis. 

Occasionally, however, without any definite warning, one is con- 
fronted at operation with a growth in the sigmoid or rectum which 
simulates cancer and is entirely unaccompanied by other areas of en- 
dometriosis. Unless one is familiar with the clinical characteristics 
of such lesions, the patient is likely to lie subjected to a colon resection 
on the diagnosis of malignancy. A case is reported herein, in which 
this was done, several years ago. The most significant point in the 
diagnosis is the fact that endometriomas of the colon, as of other 
regions, are manifested by the usual menstrual symptoms. 

Treatment . — The treatment of endometriosis is, in my opinion, en- 
tirely surgical. If the implants are extensive, involving both ovaries, 
all the pelvic organs should be extirpated. When only one ovary is 
affected, however, and all the peritoneal implants are removable, the 
good ovary may be left undisturbed. In young patients who complain 
of dysmenorrhea, a presacral resection may be performed in conjunc- 
tion with a conservative operation, to pi event lmirrence of the pain in 
the event of peisistent endometriosis. The principal question in any 
ease is not the patient's age. but the relief of symptoms and prevention 
of further damage and perhaps serious consequences, by interruption 
of the disease If this can bo accomplished without completely destroying 
ovarian function, well and good: if not, the radical operation should 
he canned out. The only exceptions aie eneounteied in those patients 
at or near the menopause, whose svmptonis are mild and in whom the 
disease may he expected to subside with the cassation of menstruation. 
In all other casi s. the piocess is hkch to cause tumble so long as 
ovarian function lontinms 

When the sigmoid or uctum is mv.idtd. it mav he advisable to itsu-t 
the giowth by an elliptical incision, m addition to oophorectomy. Par- 
tial n section of the colon is unnecessarv ; according to our experience 
the giowth will leguss following removal of the ovaries. 
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perineum, on the small bowel, appendix, and abdominal wall, and in 
the omentum, umbilicus, lungs, and laparotomy scars. 

Whether deposited primarily through the tubes or secondarily from 
perforated ay sis, as Sampson believes, or whatever their origin, the 
implants tend to incite an inflammatory reaction and adhesions in the 
adjacent structures; thus, at operation, one may observe an acute, 
widespread peritonitis, alt the pelvic organs being bound together in 
an almost impenetrable mass of adhesions. This process, incidentally, 
explains many inflammatory conditions of the pelvis for which formerly 
no cause could be assigned. 

Symptoms. The cardinal features of peritoneal endometriosis are 
menstrual irregularity and pelvic pain. The menstrual disorder is 
usually a menorrhagia or metrorrhagia, though some patients have 
only a spotting between periods, or even amenorrhea. The pelvic pain 
may be general, or localized to one side or another, or it may be referred 
to the back or down the thighs. Referred pain, is especially significant, 
indicating, usually , a penetrating lesion or one which has incited an 
inflammatory reaction. Again, the pain may be severe, or may be de- 
scribed as a drawing sensation, or merely a soreness, tenderness, or 
discomfort in the pelvis. The intensity of the pain is believed to be 
governed by the function of the implants under hormonal influence. 
The more severe pain may he acute hi onset, resembling that of acute 
appendicitis or an acute intestinal obstruction. The milder types are 
usually chronic, covering a period of months or years. 

Not all patients, however, have either menstrual disturbance or pain. 
Rather, many of them complain of symptoms referable to the gastroin- 
testinal or urinary tract, a vaginal discharge, nervousness, loss of ap- 
petite and weight, headache, and dyspareunia. A few come to the physi- 
cian solely because of an abdominal mass. Others seek examination be- 
cause of sterility. When such conditions are accompanied by abnormal 
menstruation and low abdominal pain, they afford additional evidence 


of endometriosis; alone, however, they may present a confusing and 
entirely misleading picture which cannot be clarified except by a 
thorough pelvic examination and more often than not, not even then. 
Especially is this true of younger women in whom the process is not 
well advanced. 


Diagnosis . — The most reliable diagnostic measure is rectovaginal ex- 
amination. By this means, fixed, painful, nodular masses in the utero- 
saeral ligaments, in the cul-de-sac, or on the rectovaginal shelf may be 
readily detected, and when present, may be regarded, practically with- 
it doubt as endometriomas. Similarly, retroversion and uterine tumors 
° d ova iian cysts may also be palpated. If adhesions are extensive, 
a t the different organs may be indistinguishable, and individual 
'^’endometriosis impossible of delineation. 

ar< n significant in the diagnosis is the fact that symptoms are 

/t tended during menstruation. Not infrequently, this feature is tiie 
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Abdominal endometriosis, 5 (omentum, 3; cecum 1; appendix, 1; ab- 
dominal wall, 1) 

Associated benign disease of uterus and cervix, S-i 
Associated cancer of uterus, 1 

Associated cysts of ovaries other than endometrial, 14 
Associated hydrosalpinx, 5 

Displacements of uterus, 41 (retroversion, 39; prolapse, 2) 

Sterility, 24 (23 per cent of 104 married patients) 

As shown ahove, the endometrial cysts of the ovary were bilateral 
in 50 cases and unilateral in 33. In 12, the endometriosis was confined 
to the ovaries alone, whereas in 23 it was limited to the peritoneum and 
other extraovarian structures. Peritoneal implants and cysts of the 
ovaries, endometrial and otherwise, were found together in 81 cases. 
Benign disease of the uterus and cervix was associated in 83 eases, and 
cancer of the uterus in 1, the 84 cases representing 70 per cent of the 
total. Other surgeons have reported a similar incidence of uterine 
and cervical disease. 

The relative incidence of endometriosis and disease of the uterus and 
cervix in the different age groups is shown in Table I. 
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The average age of those with external endometriosis alone was 31.5 
years, and of the second group. 41 years. This finding conforms to that 
of other surgeons, that uterine disease develops later than endometriosis. 

Five patients hail previously had one ovary and tube removed, 23 
had had an operation on the cervix or vagina or a curettage, 3 a short- 
ening of the ligaments, and one a presaeral neurectomy for dysmenor- 
rhea. 

The series was also reviewed with the idea of determining whether 
any relationship might exist between the ages of the patients and the 
extent and severity of the disease. The endometrial process was re- 
garded as mild in 41 eases and severe in 79. The number and ages of 
the patients with each type are shown in Table 11. 

Contrary to the experieiiee of some authors, we did not find more 
severe or more extensive endometriosis in the younger patients. Ap- 
proximately sft per cent of those with the severe type, and 73 per cent 
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The greatest difficulty in making a decision as to the best course 
to pursue is encountered when these patients present themselves for 
examination because of sterility. The slight possibility of subsequent 
pregnancy, despite preservation of the reproductive function, hardly 
compensates for the dangers of erring on the side of conservatism. 
Thirty-one per cent of a group of patients reported by Dreyfuss 3 were 
sterile, and Counseller 1 found an absolute sterility of 32.1 per cent of 
patients at the Mayo Clinic. 

The use of radium or x-ray therapy in endometriosis seems hardly 
justifiable. In the first place, the risk to life is not a serious considera- 
tion in the choice of treatment, since the mortality from surgery is 
negligible. In the second place, there is almost invariably some as- 
sociated disease which irradiation cannot relieve, and, in this event, 
radium is likely to give rise to infection and pelvic abscess. Or, if a 
sufficient amount of irradiation is given to destroy ovarian function, 
the uterus will be materially damaged. Further, the climacteric, with 
all its unpleasant manifestations, follows irradiation just as surel 3 r as 
it follows extirpation of the ovaries, yet all the diseased structures 
remain in the pelvis. Certainly, irradiation should never be given 
until the abdomen is opened, and then not until the presence of en- 
dometriosis is definitely proved by thorough exploration. An exact 
diagnosis is impossible without laparotomy. 

I have collected a series of 120 cases of pelvic endometriosis dis- 
covered at operation within the past six years. These have been taken 
from our private clinic records and are therefore believed to give a 
fairly accurate picture of the incidence of the disease among surgical 
patients. The study does not include those with hemorrhagic or other 
types of ovarian cysts than the chocolate endometrial variety. Nor does 
it include adenomyosis unless associated with endometriosis, since a 
pathologic studj' was made of relatively few uterine specimens removed 
during this period. Moreover, in view of the more serious surgical con- 
siderations involved, our interest has been primarily in endometriosis. 

The 120 cases of this series were encountered in a total of approx- 
imately 700 laparotomies for gynecologic diseases carried out during 
the same period, representing an incidence of 17 per cent. One hundred 
and four of the patients were married. The ages ranged from 17 to 53 
years, the average being 38 years. Two were under 20 years; 19 between 
20 and 30; 45 between 30 and 40; 49 between 40 and 50; and 5 beyond 
50 Of the entire group, chocolate endometrial cysts of the ovaries were 
found in 83 (69 per cent) patients, and cysts of questionable en- 
dometrial origin and of other types were found in an additional 14. 
mie endometrial process involved the peritoneum and other extra- 
. structures in 106 (89 per cent). The distribution of the lesions 

and' associated pathology is shown here. 

Ovarian endometriosis, S3 (bilateral, 50; unilateral, 33) 

Peritoneal endometriosis, 106 
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Abdominal endometriosis, 5 (omentum, 3, cecum 1; appendix, 1, nb 
dommal wall, 1) 

Associated benign disease of uterus and cervix, S4 
Associated cancer of uterus, 1 

Associated cysts of oiancs other than endometrial, 14 
Associated hydrosalpinx, 5 

Displacements of uterus, 41 (retroversion, 39; prolapse, 2) 

.Sterility , 21 (23 per cent of 104 married patients) 

As shown a bote, tlie endometrial cysts of the a way weie bilateral 
in 50 cases and unilateral in 33. In 12, the endometriosis was confined 
to the ovaries alone, whereas in 23 it was limited to the peritoneum and 
other extiaovauan stmehues Peritoneal implants and cysts of the 
otanes, endometrial and otheiwise, weie found together m SI cases. 
Benign disease of the nteius and cem\ was associated in 83 eases, and 
cancer of the uterus in 1, the 34 cases vepiesenting 70 per cent of the 
total. Other surgeons have lepoited a similar incidence of uterine 
and cervical disease 

The i el at he incidence of endometriosis and disease of the uterus and 
term in the di ffeicnt age gioups is shown in Table I. 
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The axeiage .two ot those with external cndometuosis alone was 313 
yi.us, and of the second gioup, 41 years This finding contouns to that 
m other suigeons, that utenne disease develops later than endometriosis 
Fno patients had pieuously had one ovaiy and tube lemoved, 23 
had had an opciatnm on the mux or vagina oi a ciuettage, 3 a shoit- 
' Hinsr oi the ligaments and one a pusacial ncmettomy for dysmenoi- 
i hr a 

The sins was also levievvid with the idea of dctei mining whether 
any lelationslnp might exist Intwun the ages ot the patients and the 
ixtuit ,md si-vmty <>i the disi.ise 'flic eiidoniett tal piocess was le- 
gaidul as mild m 41 casts and sewn in TO The number and a"es of 
the patunts with tach type aie shown m Table 11 

i'mitiaiv lo the expel n in f at some aiithois, we did not find more 
H ' l 'ii* m mine extwtsive uidonuti losis m the younger patients. Ap- 
pioxunatiiy SO pu suit oi those with the sevcie type, and 73 per tent 
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Table II 


Incidence of Mild and Severe Endometriosis in 320 Patients in Different 

Ace Groups 


AGE GROUP 
(YEARS) 

-MILD ENDOMETRIOSIS 

SEVERE ENDOMETRIOSIS 

PATIENTS 

PATIENTS 

NUMBER 

PER CENT 

NUMBER, 

j PER CENT 

Up to 30 

S 

20 

is ; 

1 165 

30 to 40 

14 

34 

31 

I 39 

40 to 50 

1 17 

41 

32 


50 and over 

| 2 

5 

3 

4 

Total 

41 


79 



with the mild type were between 30 and 50 years of age. Twenty per 
cent of those with a mild endometriosis and 16.5 per cent with the 
severe degree were under 30 years of age. 

The uterus w'as retroverted in 39 patients and prolapsed in 2. Of the 
total of 41, uterine disease was associated with the endometriosis in 
20 eases, and in 21 endometriosis was present alone. As shown in Table 
1, 36 patients of the entire series bad endometriosis without disease of 
the uterus; the incidence of 21 retroversions in tire group of 36 there- 
fore represents 5S.3 per cent. The 20 patients with retroversion and 
both endometriosis and uterine disease constituted 24 per cent of the 
total number of S4 patients in whom the combined conditions were 
found. Thus, comparatively, retroversion was present with endometriosis 
alone in more than twice as many cases as retroversion with both en- 
dometriosis and disease of the uterus and cervix. Of the group of 21, 
there were 15 under 35 years of age, whereas in the group of 20, only 
2 were under that age. 

Twenty-eight of the 104 patients who were married had never borne 
children; 4 of this number, however, reported having one or more 
miscarriages. Nine of the 28 had retroversion, the uterus being bound 
in malposition by adhesions in every case. The only 4 of the 2S who 
might possibly have borne children, having one good ovary and an 
otherwise normal uterus, were among those with retroversion. 

The symptoms as described by the total number of 120 patients were 
classified as follows : 

Dysmenorrhea, backache, referred pain, 45 

Pelvic pain and discomfort, 41 

Menstrual disorders, 59 (Menorrhagia, 53; irregularity, 2; menopause, 

4) 

Miscellaneous, 61 (Gastrointestinal disturbance, cystitis, headache, 
nervousness, vaginal discharge, abdominal mass, dysparcunia) 

Indefinite or no symptoms, 3 

Counselled has observed that menorrhagia usually is associated with 
chocolate cysts, and dysmenorrhea and referred pain with uterine and 
peritoneal endometriosis. We were unable to establish a connection 
between menorrhagia and dysmenorrhea or referred pain, respectively, 
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and the pathologic condition as it involved the ovaries, uterus, and 
peritoneum. Forty of the 55 patients with menorrhagia and irregular 
menstruation had some disease of the uterus, and 42 had peritoneal 
endometriosis. Three had peritoneal endometriosis alone, neither the 
uterus nor ovaries being affected. In only one patient with menorrhagia 
was the endometriosis limited to the ovaries; on the other hand, 14 who 
complained of menorrhagia had neither c-hocolate cysts nor any other 
disease of the ovaries. 

Of the 45 patients with dysmenorrhea, 34 had cysts of the ovaries, 
28 had some disease of the uterus, and the peritoneal and other struc- 
tures were involved in the endometrial process in 41. Eleven patients 
with dysmenorrhea also had retroversion, and 10 of this number had 
pelvic endometriosis. 

Forty-one patients described a low abdominal pain, pelvic discomfort, 
or pressure sensation which was apparently mu-elated to menstruation. 
Thirty gave a history of gastrointestinal symptoms, 3 of this number 
having no other complaint. The sigmoid was involved in 10 of the 30, 
but c-ould not be held entirely responsible for the symptoms because 
of associated disease of the appendix. Symptoms referable to the blad- 
der were reported by 9 patients, 13 complained of a vaginal discharge, 
11 of headaches, 3 of dyspareunia, and 11 were aware of a pelvic mass. 


Table III 

Dvr . ati ox of Symptoms in 120 Endometriosis Patients in Different Ace Groups 


AGE CROUP (YE.) 

UP TO I YE. 

I TO 2 YES. 

3 OK MOKE 

YBS, 

NO 

SYMPTOMS 

UNKNOWN 

Up to 30 

1.3 

1 

3 

0 

0 

30 to 10 

21 

5 

10 

1 

1 

40 to SO 

22 

15 

9 

2 

3 

30 and over 

I 

2 

2 

0 

0 

Total 

57 

JO 

30 

o 

4 


In Table III is shown the duration of symptoms as reported by the 
patients in each age group. 

The duration of symptoms was recorded in 116 eases. Three patients 
had no symptoms. Of the 116, S3 (70 per cent) had had symptoms 
less than three years, 17 (20 per cent; of the S3 being under 30 years 
of age, 26 (31 per cent; between 30 and 40, 37 (45 per cent) between 
40 and 50, and 3 (4 per c-ent) beyond 50. It is noteworthy that some of 
the younger patients had suffered for years, wiigreas some of the older 
ones had had symptoms for only a few days or few weeks. 

A study of the duration of symptoms in the mild and severe types, 
respectively, revealed nothing important. As would be expected, in the 
majority of eases, the symptoms were of longer duration in the severe 
type. Some of the milder eases, however, including those wherein no 
endometrial deposits were found outside the ovary had produced symp- 
toms over a long period of time, while a number wherein the deposits 
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Table II 


ISOIDENCE OF MlLD AND SEVERE ENDOUETMOSZS IS 120 PATIENTS IN DIFFERENT 

Age Groups 


AGE GROUP 
(YEARS) 

tip to 30 

80 to 40 

40 to 50 

50 and over 

MILO ENDOMETRIOSIS 

( SEVERE ENDOMETRIOSIS 

PATIENTS 

1 PATIENTS 

NUMBER 

PER CENT 

NUMBER 

PEE; CENT 

» I 

I ", ! 

20 

34 

41 

5 

13 

31 

32 

8 

145 

39 

40,5 

4 

Total | 

t — j 


79 



with the mild type were between 30 and 50 years of age. Twenty per 
cent of those with a mild endometriosis and 38.5 per cent with the 
severe degree were under 30 years of age. 

The uterus was retroverted in 39 patients and prolapsed in 2. Of the 
total of 4-1, uterine disease was associated with the endometriosis in 
20 eases, and in 21 endometriosis was present alone. As shown in Table 
I, 36 patients of tire entire series had endometriosis without disease of 
the uterus; the incidence of 21 retroversions in the group of 36 there- 
fore represents 58.3 per cent. The 20 patients with retroversion and 
both endometriosis and uterine disease constituted 24 per cent of the 
total number of 84 patients in wliom the combined conditions were 
found. Thus, comparatively, retroversion was present with endometriosis 
alone in more than twice as many eases as retroversion with both en- 
dometriosis and disease of the uterus and cervix. Of the group of 21, 
there were 35 under 35 years of age, whereas in the group of 20, only 
2 were under that age. 

Twenty-eight of the 104 patients who were married had never borne 
children; 4 of this number, however, reported having one or move 
miscarriages. Nine of the 28 had retroversion, the uterus being bound 
in malposition by adhesions in every case. The only 4 of the 28 who 
might possibly have borne children, having one good ovary and an 
otherwise normal uterus, were among those with retroversion. 

The symptoms as described by the total number of 120 patients were 
classified as follows : 

Dysmenorrhea, backache, referred pain, 45 

Pelvic pain, and discomfort, 41 

Menstrual disorders, 59 (Menorrhagia, 53; irregularity, 2; menopause, 

Miscellaneous, Cl (Gastrointestinal disturbance, cystitis, headache, 
nervousness, vaginal discharge, abdominal mass, dyspareunia) 

Indefinite or no symptoms, 3 


Counseller 1 has observed that menorrhagia usually is associated with 
elmnoHte cysts, and dysmenorrhea and referred pain with uterine and 
ZvLned endometriosis. We were unable to establish a connection 
between menorrhagia and dysmenorrhea or referred pain, respectively, 
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~ • married rroman, aged 31 P*™. £ “ ^ 



_ J> jtwwi 

Fis IS — Specimen open, showing mtenoi 

oo per e ent of the 19 patients whose oun.m i unction was not completely 
desti’oj ed Since the 4 patients iroin whom we lune not heaid had 
bilateral oophorectomies, this is probably a fairly accurate estimate 
of the lesults in the entile group At the last lepoit, none of the pa- 
tients who had the more eonser\ati\e operations had borne children. 

T\B1 i. XV 
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M-ero widespread were first manifested by 'an acute attack of a few 
hours’ to a few days’ duration. 

A preoperative diagnosis of endometriosis was made in 29 (24 per 
cent) of the eases. The operations performed were as follows: Bilateral 
sa pmgo-oophoreetomy, 97 (in 4, a portion of the ovary was trans- 
planted); unilateral salpingo-oophorectomy, 20 (including 5 patients 
who previously had a salpingo-oophorectomy); hj'sterectomy, 109; 
shortening of ligaments, 6; presaeral nerve resection, I. Ovarian func- 
tion could be preserved in 9 of the 11 whose uterus was undisturbed. 



Fik. 1A. — Inguinal erulouietrioma of sound ligament, 2 by 3 inches, with sinus through 
which patient nrenstiuated each month. 

I have never had a patient die from operation for endometriosis. 
Four of the present group have not been heard from since leaving the 
hospital. Of the other 116, 112 were completely relieved by the opera- 
tion 3 were only partially relieved, and 1 has had a recurrence of the 
dysmenorrhea from which she suffered prior to operation. One of the 
patients who was only partially relieved was a girl, aged 19 years, for 
whom a presaeral neurectomy was performed, the pelvic organs being 
rm disturbed because of her age and the mild degree of endometriosis. 
“ ,, was a young unmarried woman, aged 2S years, who had a 

subtotal hysterectomy and unilateral salpingo-oophorectomy. The third 
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On examination, a hard, nodular, inflammatory mass with a sinus opening was 
found in the groin and extending into the labium. The tissues over the mass were 
darker than normal. The cervix was in good condition, and the uterus was of 
normal size and movable, but introverted. X o mass could be found in the pelvis. 
The tentative diagnosis was endometriosis, with possibly incarceration of the tube 
in the hernial sac. 

At operation, a firm tumor, approximately 2 by 3 inches in diameter, was dis- 
covered in the region of the groin and labium over the inguinal canal. From the 
outer side of the tumor, passing into the groin, was a sinus through which the 
patient bad been menstruating. The mass was fastened deep in the fascia, making 
its liberation difficult Wliea freed from the labium and groin tissues, a hernial sac 
was discovered leading out from the inguinal ring. Xone of the intestine or omen- 



tum mi' contained in tin* sac. The round ligament, which came out beneath the 
.-ar. war. unite large and the tumor ttn> attached to i|> e.vtleme end over the pubic 

The involved portion of tin- ligament »a> removed with the tumor, the remainin'' 
portion being fixed to the fascia to support the utotus. The hernial sue which had 



234 


SURGERY 


A large number of these patients have received theelin for control 
of menopausal symptoms. We were at first uncertain as to the effect 
of the drug and feared that it might possibly promote a recurrence 
or continuance of the endometrial process. Accordingly, we’ have ex- 
amined a number of patients with this in mind. We have found no 
evidence that theelin reactivates the disease, nor does it appear to have 
any influence on the recession of growths left in the pelvis. We be- 
lieve, therefore, that theelin should be given as a replacement therapy 
to make these patients comfortable. 



Fig 1 . 1C^. — Microscopic section of specimen, showing endometrial glands. 


Four of the most unusual eases of this series are reported in detail. 
The first is that of a patient who had an endometrioma of the round 
ligament, from which menstrual blood passed through a small sinus 
opening into the groin. 


1 _ AIrs J E g v a multipara, aged 41 years, came for examination because 
r^Srnia which had been present for twelve years. Four months prior to her 
, msshw Wood and purulent material through the hernial mass at 

visit, she = phenomenon was associated with severe pain, both local and 
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Aside from the pelvis, the examination mealed nothing abnormal. The uterus 
was of normal size, m good position, and mov able There was a large, tender 
Bartholin cyst, and the eeivix was moderately lacerated, cystic, and eroded. In the 
euldesac, a tender mass the size of an English walnut could be palpated, and m 
the left uterosacrat ligament there was a thickened, tender area The diagnosis was 
pelvic endometriosis 

The cyst was incised and di. uned, and when healing was complete, operation foi 
the pelvic condition was earned out 

The cenix was coned and the cystic sue excised. When the abdomen was opened, 
the uteius, ovanes, and tubes weie found to be noimnl The laige, tender aiea 
preciously detected proved to be an mduiated napkin 1 mg tumor of the sigmoid, 
with fixation to the uteros-icral ligament and posteiior uteiocemcal juncture. The 
entire circumference of the sigmoid was puckeied into a fold and the growth pre 
sented every appearance of cancer. A thoiough seaicli revealed no endometrial 
implants on any of the pehic stiuctures A fen inches higher on the sigmoid, 
however, there was anotliei small puckered aiea This was excised, and a diagnosis 
of endometrioma was reported on frozen section It was then believed that the 
laiger tumor was also an endometrioma Accoidmgly, the uterus, tubes, and ovaries 
were removed, the sigmoid dropped hack into its noimal position, and the abdomen 
closed. Recovery followed without incident. 

On request, the patient returned six weeks postopei atwely for a checkup and 
roentgenogiaplnc examination of the colon. The pelvis was m good condition and 
she had no complaint other than the usual menopausal symptoms The bowel func- 
tion was normal Proctoscopic examination was negative A roentgenogram re 
vealed some spasticity of the sigmoid, hut no evidence of an encircling lesion. 

Wien last heard from, m January, 1941, five months after operation, the patient 
stated that she was still taking theelm, hut otheiuise felt like a new person 

The last ease is one of multiple eudometiioma of the omentum asso- 
ciated with red degeneiation of the uterus I had never before or 
have never since observed a combination of these two conditions. 


C vse 4 — Mrs. J. II H, aged 4b years, nullipaia, came foi examination in Jan- 
uary, 19,18, because of pun in the lower abdomen and down the thiglis The pain 
had begun one week earliei, li-id been sufficiently seveie to keep her m bed, and had 
been accompanied by a rise of temperature She had also lost several pounds in 
weight since the onset of the pain Until two months previously, her menatiual 
periods had always been legulir, since that time, she had menstruated more often 
and more freely than usual 

Palpation of the abdomen revealed a large pehic mass, irregular m outline and 
extending almost to the umbilicus On pelvie examination, the mass was found to 
be firm and parti dl\ fixed The cervix was noimd The preoperative diaomosis 
was fibroid tumor 

Exploration revealed two large fibroids posteriorly and several smaller tumors 
on the anterior will of the uterus Theie was a considerable amount of red dis 
loloratioa of the «csous covering ot the uterus, mil the surrounding tissues weTe 
waterlogged and inflammatory Wlitu the uterus was lemovcd and opened an 
in i of red degener ition approxim itely 4 unites in diameter was found m’ file 
miter ot the lirgcst fibroid. Thu. mounted tor the edema and mflanimatorv 
reution of the tissues Hid exp! uned the pit nut’s fever. Both ovaries contained 
simple is sts ind were ruuoud with the tubes, the latter be urn norm il 

There were no endonu.tr.il implmts on tin I ehu structures'' J„ tllu omoDtum 
however, which w is thicker thin noruirl, were two firm arc is, not unlike mctnat.isiz’ 
Both were exiled m.I were reported by the pathologist to be ea- 


mg wmmonui 
tlomet nomas. 


j) itii'nt 3 touw was smooth uul h 


^ muuj been entire! v \>e!l. 
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led into the tumor was divided, transfixed and ligated, and the stump was Kosher 
ize< ingei explotation of the pehis thiougli the opening revealed no indication 
of any other disease ptocexx The hernia was repaired and tiie abdomen ilosed. 

lc pathologic diagnosis of the tumoi mass was inguinal endometrioma involving 
the round ligament. ° 

The patient has had no fuithci difficulty suite liei dismissal from the hospital, 
fom jeus ago 


_ patient m the following ea.se had two cnctometriomas oi the 
sigmoid, but no other evidence of the disease. The sigmoid was lesected 
m the belief that the condition was malignant This operation was 
performed ten years ago 

Cise Mrs .1 Ij L, nuilipaia, w is tiist semi in Maicli, 1911, it the age of 
19 v (.“■os She complained of mtestin.il distui bauce, and stated that at each men 
stuial penod her symptoms became more seieie and weie accompanied by the 
passage of blood and mucus from the bone! U 1 the details oi the evitmn ition at 
that tune are not now mail ible, our recoid, however, shows that a mass was palpated 
in the cul de sac Since I hid not previous!} encounteied a case of endometrioma 
of tlie sigmoid, the exploiafnm was earned out under a. diagnosis of cancer or 
div erticulitis 

When tlie abdomen was opened, a firm, nodulai, contracting lesion was discovered 
m the midpoition of the sigmoid, and a second, similar lesion one inch distallv 
In view of the finding of two distinct masses, it tins believed that they were duei 
ticula and were undergoing malignant change The te was no evidence of metastases 
m the glands oi otiier organs Tlie utems, tabes, and ovaues were piacticallj normal 
and were not disturbed 

A tin ee stage resection was done At the second stage, when the sigmoid was 
removed, a seaich was made foi endometrial implants m the rectovaginal septum 
and elsewheie m the pelvis, though none were found On microscopic section of the 
gionths, n dngnons of adenomv omas of the endometn.il implant tjpe was reported 
The mucosa was not involved 

The patient wax next seen m Miv, 1910, when she icUnncd lot a geneial check 
up She had had no menstrual pam noi am digestive svmptoms since tlie opeiati on, 
five jeais eailiei The function oi the colon had leinained good, aud she felt on 
tne ly u ell Xo tin ther masses could be detected m the pelvis 

Eighteen months later, m October, 19.17, she consulted us again because of 
fatigue ami pelvic discomfort She was then 40 v car., old and wax menstruating 
on]j at intervals of six months Pelvic examination disclosed a tender, Unit area 
in the cul de sac, which was icgarded as an endometnomn The uteius was of normal 
size Since the patient wax passing tfuough the menopause, suigei} was considered 
unnececsaij 

At hei last examination, m December, 1940, the piticnt’s symptoms hid sub 
sided and mensti nation had entire!} ceased The mass could still bepnipited m the 
cul de sac, though it had diminished in size since the piocedmg exaunn ition 


Tlie following ease is also one of endometnosis of the sigmoid without 
involvrnent of other stmetuies Profiting by my expencncc in tlie 
previous ease, I removed the ovaues and uteius, hut loft the sigmoid 


intact 

c .„„ o_Mrx V 11 M , multipart, aged !o v<- u s, (ousted u, m Juh, VJIO 
refened for treatment of a recurrent B irtholin ivst which hid first up 
S ' e T xml- exvlici In addition to this complaint, xlic gave v history of m 
creasm^dysmenorrliea, pelvic soreness, and metrorrhagia over a period of three 


} ears. 
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In the Methodist Hospital, during 1938, 1939, and five months of 
1940, a diagnosis of endometriosis was made in 3S of 1170 pelvic opera- 
tions, or 3.8 per cent. A complete report could be obtained from the 
Baptist Memorial Hospital only for the year 1939: endometriosis was 
recognized in 27, or 4.7 per cent of 576 eases in which the pelvic cavity 
was opened. Also of interest is the fact that at the John Gaston Hospital, 
which is a teaching institution devoted almost entirely to charity pa- 
tients, a diagnosis of endometriosis was made in 12 of a total of 929 
pelvic laparotomies performed during 1939 and 1940, representing an 
incidence of 1.3 per cent. In similar reviews, Long and Strecker® found 
a diagnosis of endometriosis in 0.96 per cent of pelvic laparotomies at 
the St. Anthony Hospital, a charity institution in Oklahoma City, and 
Pumphrey 3 encountered an incidence of 2.23 per cent in pelvic opera- 
tions at the Miami Valley Hospital, also a general hospital, in Dayton, 
Ohio. 

Compared with Meigs’ 7 reported incidence of 32.2 per cent of cases 
of endometriosis in abdominal gynecologic operations in private prac- 
tice, and even with my finding of endometriosis in 17 per cent of pelvic 
laparotomies, these figures spealc for themselves. Certainly, they call 
in forceful terms for a better understanding and a wider recognition 
of this disease. 
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The Iasi two oi‘ the foregoing eases arc striking examples of the mis- 
leading symptoms, and even lack of symptoms often presented by 
endometriosis, and the difficulty of making a diagnosis from clinical 
evidence. Admittedly, such cases are rare, 3 r et they show that unless 
one is mindful of the possibilities and makes a thorough search of all 
the organs, an error in treatment or inadequate treatment is not un- 
likely. 3 his is no less true when the disease proeess clearly involves 
the pelvic structures. 



One needs merely to review the reported incidence of endometriosis 
as diagnosed in our hospitals, as compared to the incidence in private 
clinic practice, to appreciate the fact that it is recognized in only a 
small proportion of cases. Fallas and Eoscnblnnd report an incidence 
of 1 62 per cent in pelvic laparotomies in two private hospitals in Los 
Armeies This figure is probably low for private hospitals. Perhaps 
the" percentages found in two of the largest private institutions in 
Memphis are"more typical. The records from which they were taken 
over only a short period, nevertheless, they are sufficient to illustrate 

our point. 
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The First Metatarsophalangeal Joint. The metatarsophalangeal joint 
may present a suhluxation if the flexed position of the phalanx is suffi- 
cient. If the deformity exists for some time, secondary degenerative 
changes may occur over the dorsal nonfunctioning portion of the ar- 
ticular surface of the metatarsal. 

Soft Tissue Changes. — If the deformity becomes fixed the metatarso- 
phalangeal joint presents a true flexion deformity of varying degree 
with the metatarsal more or less fixed in a dorsal flexed position at 
the metatarsoeuneiform joint or at the first cimeoseaphoid joint or 
both. Contractures of the eapsules of these joints may occur. It is not 
uncommon to have a true shortening of the flexor hallueis brevis muscle. 
A callosity often forms at the abnormal point of weight-bearing on the 
great toe and a callus and bursa may be present over the dorsal promi- 
nence of the metatarsal head. 

Various primary diseases are associated with this deformity. How- 
ever, the mechanisms of production of the deformity are, in the main, 
two in number. The first, and most frequent, is a muscular imbalance 
acting upon the first metatarsal causing this bone to assume a dorsi- 
flexed position. The plantar flexed attitude of the hallux is secondary. 
The second mechanism is a muscular imbalance causing a plantar flexed 
position of the great toe, with secondary upward displacement of the 
first metatarsal. 


GENERAL PRODUCTIVE MECHANISMS 


I. Primary Dorsiflexion Deformity of the First Metatarsal With Sec- 
ondary Plantar Flexion Deformity of Hallux , Thiiiy-Six Examples. 

The upward displacement of the first metatarsal is due to a strong 
dorsiflexor muscle in the presence of a weak or absent plantar flexor 
muscle of this bone. Normally, the anterior tibial muscle by virtue 
of its insertion, raises the first cuneiform and base of the first meta- 
tarsal bone and thus can be considered a dorsal flexor of these two 
bones. The peroneus longus muscle opposes this action by exertum 
a plantar flexing force upon the base of the first matatarsai. Upward 
displacement of the first metatarsal can be produced by a stron" an- 
terior tibial muscle, or its substitute, in the presence of a weak or 
absent peroneus longus muscle. With the first metatarsal displaced 
upward the great toe is actively flexed to establish a point of weight- 
bearing for the medial portion of the forefoot and to augment the push- 
off in walking. Weakness of the dorsiflexor muscles of the hallux favor, 
but are not necessary for. the development of this position of the toe.' 


II. Primary Plantar Flexion Deformity of the Hallux With Secondary 
Dorsiflexion Deformity of the First Metatarsal, Six Examples. 
Primary plantar flexion deformity occurs in the foot which is par- 
alyzed except for an Achilles group of variable strength and stron" 
flexors of the toes. The patient utilizes the flexor muscles of the toes 



ELEVATION OP THE FIRST METATARSAL BONE WITH 
HALLUX EQUINUS 

George Hammond, M.D., Ann Arbor, Mich. 

(I’rom the Orthopaedic Section, Department of Surgery, ' University of Michigan 

Medical School ) 

A N INIERESTING deformity of the great toe and first metatarsal 
bone lias been observed for a number of years at the University 
Hospital. There is no doubt that this condition has been recognized 
by many observers but specific reference to it is rare in the available 
literature. Lapidus has recently described this deformity and has 
presented his conception of the etiologic factors, which are further 
substantiated by this report, and an operative procedure for its cor- 
rection. 

The purpose of this communication is to offer an explanation of the 
productive mechanism and to present methods of prevention and cor- 
rection based upon forty-two examples of this deformity in thirty-eight 
patients. 

CLINICAL FEATURES 

In general, one might describe the deformity as a dorsal flexion 
deformity of the first metatarsal and a plantar flexion deformity of the 
great toe. It commonly results from a muscular imbalance of the foot. 

In the early stage the deformity is not fixed. Passively the first 
metatarsal assumes its normal position and the great toe can be dor- 
siflexed normally. Because the deformity is on the basis of muscular 
imbalance, the incipent stage is mainly apparent when the patient is 
weight-bearing and particularly when he is walking. If the inequality 
of the muscle pull is not marked the deformity may never advance 
beyond this stage. However, in many cases the causative factors are 
sufficient to produce a fixed deformity with the subsequent development 
of pain over the dorsal aspects of the first metatarsal head where a 
bunion may develop. Even in advanced cases the abnormality is always 
more marked with active use of the foot in weight-bearing. 

The Great Toe. — Usually the entire toe is in a position of flexion 
at the metatarsophalangeal joint. Less commonly the proximal phalanx 
has a flexed attitude but the distal phalanx is hyperextended. Hallux 
valgus may be associated. 

The First Metatarsal Bone. — In the weight-bearing position the head 
of the first metatarsal is seen to he displaced upward so that the 
longitudinal axis of the metatarsal shaft may be horizontal or even 
directed anteriorly and slightly upward. The first cuneiform bone 
also be tilted upward. A small exostosis may form on the dorsal 
surface of the head of the metatarsal. 

deceived for publication, June 13, 1012 . 
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, t of the deformity inasmuch as two patients did not a 
*S i a third presented the deformity before stahdmatron teas 

d °B'a«st™mm»m. S and s.ieus »««*» comp Ictelu pamlvned or ve nj 
, ee dk Anterior tibiol aruscle normal dmujlh, eujlit examp «. 

(at Peroneal muscles completely paralyzed, two examples <^able , 
Cases 14 and 15 ).— Bach case presented a calcaneocavovarus defoimity. 
A Splt mdhrisis was done in one and a triple arthrodesis pins 




m O 1T ,Me I Case 5).— A, Lateral roentgenogram of foot 16 months after a 
EiB. 1 (Taolc I. ease o> transference of peroneus longus and brevis into first 
cune”fonii > ' < for V ^parai> S t«: ^es valgus. The first metatarsal-great toe deformity is 

minimoAt^ roent gcnogram of foot showing well-developed elevation of first meta- 

tarsal wUlt halluit of l 'foot S showing Uie deformity; note the skin irritation over the 
i "ii ,\nept of the first metatarsal head. 

/) Photograph of foot 6 months following operative correction of first metatarsal- 
great toe deforrmt>. 


transference of the tibialis posticus, the flexor hallucis longus, and the 
flexor digitorum longus tendons to the calcaneus was carried out in the 
other (Fig. 2). 

The cause ot' the dorsitlexion deformity of the first metatarsal is the 
strong anterior tibial muscle unopposed by a functioning peroneus 
longus muscle. The strong flexor hallueis brevis muscle is a secondary 
factor. 
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to help steady the foot upon the leg in weight-bearing and to supple- 
ment the push-off in walking. The great toe and its flexor muscles as- 
sume a large share of this added function and the hallux may be more 
or less constantly held in plantar flexion with active nse of the foot. 
It is necessary for the head of the metatarsal to displace upward to 
accommodate for this weight-bearing position of the great toe. 

In all cases of plantar flexion deformity of the great toe in type 
I or II, a strong flexor hallueis brevis muscle was a factor in the produc- 
tion of this deformity. 


CLASSIFICATION OF CASES ACCORDING TO UNDERLYING DISEASE 
Specific Productive Mechanisms 


I, Anterior Poliomyelitis, Twenty-Seven Examples. — The primary dor- 
siflexiou deformity of the first metatarsal may be the result of muscular 
imbalance due to the disease (2 examples) or muscular imbalance 
created by tendon transference (19 examples). Primary plantar flexion 
deformity of the hallux occurred only as a result of this disease in our 
series of cases (6 examples). 

A. Weak or completely paralyzed anterior tibial muscle, strong per- 
oneal muscles; transference of peroneus longus muscle alone or pero- 
neus longus and brevis muscles to the region of inseHion of the an- 
terior tibial muscle, thirteen examples (Table I, Cases 1 to 13 inclusive) .• 
Each ease had a valgus deformity of the foot. Four patients exhibited 
a plantar flexion deformity of the first metatarsal bone before operation. 
The foot was stabilized by triple arthrodesis in all eases except two. The 
peroneus longus tendon was transferred generally by way of the anterior 
tibial tendon sheath to a new insertion in the base of the first metatarsal 
(10 cases), or to the first cuneiform bone (3 cases). If the peroneus 
brevis tendon was also transferred it was inserted into the base of the 
second metatarsal (1 ease) or into the first or second cuneiform bone 


(4 cases). From one to six years after the tendon transference, the 
primary dorsiflexion deformity of the first metatarsal became evident 
(Fig. 1). The secondary plantar flexion defoi’mity of the hallux ap- 
peared concomitantly. The flexor hallueis brevis muscle was very 
strong in each ease except one. Possibly because of this fact, this patient 
did not develop a plantar flexion deformity of the great toe which main- 


tained a normal relationship with the first metatarsal head, thus not 
touching the ground in the weight-bearing position (Table I, Case 2). 

/ j n t jjj s g rQtt p the primary cause of the deformity is the reversal of 
action of the peroneus longus muscle upon the first metatarsal brought 
about bv the tendon transference. It is noteworthy that the four pa- 
tFnri with plantar flexion deformity of the first metatarsal preopera- 
V t Upvolovied a dorsiflexion deformity of tins bone after operation. 
tmly . ' . , 1 iiiprli'd weight-hearing point for the forefoot, the flexor 
P StaUta the grr.it «c in 


hallueis 
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t TO ANTF.iUOr. POLIOMYELITIS" 



opermvE ¥EOCEnruES pbiou to elevation or 

METATARSAL OT HALLUX EQUALS 


\^J nX r^TrL sf e r to second cune iform. 

1 \,Jm. T> TV transfer to s=eeon«l cuneiform — _ 

K”l vapiS^pSSiSSTTSlSf arthrodesis, r 

VU fcfP t 5 m"^ ioWmd tneto 

JA W 

tar&al 


Triple arthrodesis . ”• *■•> * ' 

!ei’leis __ yty — fro rh,i P T tra i 

P.B., .uu 

fcr to os calcts — 

-p~f~~rr 5 ~p~Pt trnii&fert o os coU'ts 

P . L. ano £•£; — ^—^Trr-rTnrTFBT^ Ml 

Tuple arthrodesis , r.i.-, r. , 


CIS ; triple arthrodesis 



ll-IU1Fii»i) I _ : — ■.-- 


A.T. — Anterior tibial 
l\U — -Pcroncuts longue 
IMJ. — i’erunois bre\ i*> 

IVfvr - — pvroneub Krtfus 
F H.U — Flexor hallucl* tongue 
F.ll.B. — Flexor h&llucl* brevis 
IMi.I*. — Bxtun»or UaUuclb longus* 
IU1 R— Kxtusor hatlucis brvVi*> 
1VD.U. — Flexor digiiorum longus 
F.D.li. — -Flexor tligilorutn brevis 
^CxUnaor dlgitorum longv 
K.O.U — Kxt*nsor dlgltorum 



SURGERY 


Table 

Evaluation op Muscle Power in Cases 


NO. 

PATIENT 

FOOT DEFOKJIITY 
RESULTING FROM 
PARALYSIS 

G.S. 

P.T. 

A.T 

H 

IB 

P.TEJ 

T. F.H.L 

■ 

R. S. 


■ 

0 

0 

m 

ll 

■ 

3 


D. D. 


N 

2 

0 

N 

X 

IS 

N 

3 

L. IV. 

Valgus 

N 

0 

0 

N 

X 

i 

0 

4 

C.B. 

Valgus 

N 

2 

p 

■ 


H 

H 

5 

A. V. 

Equiuovalgus 

X 

0 


IN 

1 

■ 

0 

li 

N. D. 

Valgus 

m 

IN 

0 

X 

■ 

■ 

■ 

7 

R. H. 

Valgus 

N 

X 

0 

X 

X 

X 

X 

S 

E.R, 

Equinovalgus 

N 

2 

0 

X 

X 



9 

M. H. 

Valgus 

N 

0 

0 

N 

N 


N 

10 

W. H. 

Calcaneovalgus 

3 

0 

0 

X 

X 


X 

11 

R. S. 

Valgus 

N 

ii 

0 

X 

X 



12 

E. P. 

Valgus 

■ 

■ 

0 

N 

2 



13 

■a m 

Equinovalgus 

1 

5 

0 

N 

X 



ga 


Calcaneocavovarus 

5 

0 

N 

0 

0 

■ 

■ 



Calcaneocavovarus 

0 

2 

N 

0 

0 

B 

3 

10 

D.P. 

Calcaneoeavus 

0 

m 

X 

N 

X 

B 


fM 

R. G. 

Calcaneoeavus 

4 

N 1 

N 

N 

X 

■ 

I 

ml 

J. W. 

Calcaneoeavus 

b 

m 

X 

N 

X 

m 

■ 

19 

J. B. 

Calcaneocavovarus 

ns 


H 

HI 

1 


X 

20 

J. R. 

Calcaneus 

■ 

N 

X 

N 

X 


X 

21 

E. P. 

Calcaneovalgus 

9 

1 

X 

N 

X 


X 

22 

P. S. 

Squinovarus 

BE 

3 

5 

0 

0 


0 

23 

W. B. J 

3quinovarus 

N 

HI 

0 

0 

0 

I 

BE 

24 

G.D. 1 

3quinovarus 

HI 

BE 

0 

0 

0 

■I 

Si 

25 

J. B. 


0 

0 

0 

0 

0 


0 

20 

J.B. 


0 

0 

0 


0 


0 

27 

0. S. 1 

r arus 

2 

HI 

0 

0 1 

0 1 




f.ii.b. 

"IT 

~T 

"IT 

TT 


X 

TT 

"IT 

“ iT 
X 

— P 
"IT 
~T~ 

IT 

X 


X 

i r 

TT 

X 

X 

X 

1 

X 


N — Normal .* 

i Vprv good: a muscle that can overcome gravity and moderate resistance but canine 
rform the normal test 

0 q oOC j ; a muscle that can overcome gravity and slight resistance only 

“ p a ir *' a muscle that can overcome gravity but not resistance 

* .p oor - a muscle that can carry out its action only when gravity is eliminated 

t Trace* a muscle that can be felt to contract but cannot move the part 

® Z, ‘ muscle in which no contraction can be felt. 

0 — Gone ; a muowv 

f Abbreviation for muscles. 

r c Gastrocnennus-soleus 

p_'-p_ posterior tibial 
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r 

Due to Anterior Poliomyelitis* 


E.H.L. 

E.H.B. 

F.D.L. 

F.D.B. ] 

E.D.L, 

E.D.B. 

OPERATIVE PROCEDURES PRIOR TO ELEVATION OF 
METATARSAL WITH HALLUX EQUINUS 


■ 

■ 

X 

3 


Triple arthrodesis; P.L. transfer to base of first meta- 
tarsal; P.B. transfer to second cuneiform 


m 

i 


2 


Triple arthrodesis; P.L. and P.L. transfer to first cunei- 
form 

X 

2 

0 


5 

3 

P.L. transfer to base of first metatarsal; triple arthrod- 
esis; P.B. transfer to second cuneiform 

1 

2 

2 

■ 

■ 


P.L. transfer to base of first metatarsal ; triple arthrod- 
esis 

0 


2 

■ 

0 


Vulpius operation; triple arthrodesis; P.L. and P.B. 
transfer to first cuneiform 

*J 

2 

3 

X 

o 

D 

X 

Vulpius operation; triple arthrodesis; P.L. transfer to 
base of first metatarsal 

a 

X 

X 

X 

X 

3 

Triple arthrodesis; P.L. transfer to base of first meta- 
tarsal; P.B. transfer to second cuneiform 


X 

■ 

X 

4 


Vulpius operation; triple arthrodesis; P.L. transfer to 
base of first metatarsal ; P.B. transfer to second meta- 
tarsal 

X 

X 

I 

_ * J 


X 


P.L. transfer to base of first metatarsal 

X 



1 


Triple arthrodesis; P.L. transfer to base of first meta- 
tarsal 

3 


2 


1 


P.L. transfer to base of first metatarsal; triple arthrod- 
I esis 

X 






P.L. and E.H.L. transfer to first cuneiform; triple 
arthrodesis 



B 

1 

0 

0 

Achilles tenotomy; P.L. transfer to base of first meta- 
tarsal 




X 

mm 


Triple arthrodesis 

■ 


3 


■ 


Triple arthrodesis; P.T., F.H.L., F.D.L. transfer to os 
calcis 

2 I 


X 

X 

X 


Subastragalar arthrodesis; P.L., P.B., and P.T. trans- 
fer to os calcis 

i 


X 

: 

2 


P.L. and P.B. transfer to os calcis 

o 




2 


Subastragalar arthrodesis; P.L., P.B., and P.T. transfer 
to os calcis 

H 

■ 

X 




Triple arthrodesis; P.L., P.B., and P.T. transfer to os 
calcis 

X 

X 

X 

1 

2 

1 

P.T., F.H.L., F.D.L., P.L., P.B., transfer to oscalcis, 
triple arthrodesis 

4 

3 

X 




F.D.L., P.L., P.B., F.H.L., and P.T. transfer to os cal- 
cis; triple arthrodesis 

0 

0 

mm 

IB 

4 


Achilles tenotomy ; Panastragalar arthrodesis 

0 

mm 

55 

■ 

ra 


Panastragalar arthrodesis 

0 

Si 

j ° 

X 



Panastragalar arthrodesis 

0 

° 

IBS 

X 

Mlj 


Xo 

0 

no 

mm 

1 



Xo 

0 

1 0 

1 0 

0 

1 0 


Xo 


P.E, — Peroneus longus 
P.B.- — Peroneus brevis 
P.Ter. — Peroneus tertius 
F.H.E. — Flexor hallucis longus 
F.H.B. — Flexor hallucis brevis 
K.H.L. — Extensor hallucis longus ' 

E. H.B. — Extensor hallucis brevis 

F. D.L,. — Flexor digitorum longus 
F.D.B. — Flexor digitorum brevis 
E.D.l>. — Extensor digitorum longus 
E.D.B. — Extensor digitorum brevis 




































































246 


SURGERY 



J r) S" - (Table I, Case 15) — 4, Lateral roentgenogram of foot fi months after triple 
arthrodesis for paralytic pes caieaneocavovarus 


B, Lateial roentgenogram of foot showing the elevation of the first metataisal with 
hallux equinus 


G, Photogiapli of foot showing the deformitj 

D, Lateral roentgenogram of foot 6 months aftei opeiatne collection of flist meta- 
tai sal-great toe defoimitv (In this case the tibial graft was placed medial! j ) 



W,.. 3 f Table I. Case 1C) — A , Lateral roentgenogram of foot 10 jenis after 
. m Aicaneal arthrodesis and tiansfeience of peroneus longus. peroneus brevis. 
l£ “ A KiJnrn tibial tendons to calcaneus foi pai-alv tic pes c tic intoeav us . the elevated 
irst metatarsal with hallux equinus is well developed 
h Photograph of foot as show n in A 

C Lateral roentgenogram of foot 0 months after operative- coirection of lirst meta- 
:arsal-great^toe^defdi^^^_ monUji< tf(eI op ,>rative‘ coirection of lirst metatirsal <)• - 
fornnty. 
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(b) Peroneal muscles normal strength. Transference of peroneal 
tendons to os calcis, six examples (Table I, Cases 16 to 21 inclusive). — 
Four cases had ealeaneoeavus deformities of the foot and one patient 
presented a pes calcaneoeavovarus. A triple arthrodesis was done. 
Both peroneal tendons with or without other tendons were transferred 
to the os calcis in each case. The dorsal flexed position of the first 
metatarsal bone developed from two to twelve years after the tendon 
transference (Fig. 3). 

Due to the transference of the peroneus longus the strong anterior 
tibial muscle causes dorsiflexion of the first metatarsal. The develop- 
ment of this deformity before the triple arthrodesis in 2 patients of 
this group again demonstrates that the stabilization is not a necessary 
factor. A strong flexor hallucis brevis muscle is eontributive. 

C. Strong flexor hallucis brevis muscle. Gastrocnemius-sol eus mus- 
cles strong, moderately weak, or paralyzed. Otherwise lower extremity 
essentially flail, six examples (Table I, Cases 22 to 27 inclusive) : The 
extremities were supported by braces. The flexor digitorum brevis 
muscle was also generally active. The gastrocnemius-soleus muscle 
group was completely paralyzed in three of the extremities while it was 
moderately weak in one and had normal strength in two. One patient 
had a strong flexor hallucis longus. To correct deformity and to stabil- 
ize the foot a panastragalar arthrodesis was done in three patients. To 
correct the metatarsal displacement the flexor hallucis longus in the one 
patient was sectioned without result (Fig. 4). 



Fig. 1 ‘Table I. Case 27) —A, Lateral roentgenogram of foot 3 rears after nan-rs 

H&pea Paral>t,C pes BC!U,nov;lrus ' the ftrst n»tati£SyS5r t ?nS: 

B, Lateral roentgenogram of foot 2 months after operative correction of first 
tarsal-great toe deformity. (The tibial graft was placed medially ,n this cassv) 


The strong flexor hallucis brevis muscle is the primary cause of the 
deformity, producing a plantar flexion deformity of the great toe This 
muscle supplements the Achilles group of muscles in walking or when 
the action of the latter is absent, acts as a plantar flexor to gain some 
power of push-off m walking. In the standing position the muscle is 
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again very active as an aid in balance. The first metatarsal bone, of 
necessity, dorsiflexes when the hallux assumes this position. 

II. Congenital Talipes Equinovavus , Seven Examples . — A primary 
dorsal flexion deformity of the first metatarsal bone and secondary 
Plantar flexion deformity of the great toe may develop. 

A. Deformity well corrected. P ersistent imbalance of peroneal mus- 
cles and tibial muscles, one example: This patient was first seen because 
of a mild recurrence of equinovarus deformity. Tibial muscles possessed 
normal strength but the peroneal muscles were very weak. A triple 
arthrodesis was done and resulted in good correction. Six months later, 
on standing and walking only, the first metatarsal bone was dorsiflexed 
and the hallux plantar flexed. With the foot at rest there was no evi- 
dence of this deformity. 



Fig. 1 C . — Photograph showing the deformity as in Fig. 4 A. 


B. Residual severe deformity consisting of equinus of the hind foot 
and dorsiflexion of the forefoot (Rocker feet), six examples: The pa- 
tients varied in age from 6 months to 5 years when treatment was 
started. All presented severe talipes equinovarus which either re- 
sponded to conservative treatment and then recurred or failed to re- 
spond from the start to this form of therapy. In two cases there were 
lon°’ periods when the patients were not seen. Corrective soft tissue 
operations followed by either the Hoke or Dunn type of triple arthrod- 
esis were done in all cases. In performing the stabilization in one pa- 
tient both peroneal tendons were sectioned for purposes of exposure and 
were sutured at the completion of the operation. The metatarsal de- 
formity gradually developed before the stabilization in four i'eet and 
after the stabilization in two (Pig. 5). 

The metatarsal and great toe deformity in this group is, again, due 
. imbalance which exists between the peroneus longus and the 

t0 ' tibial muscles. In the uncorrected congenital talipes cquino- 

JllltOl 101 
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varus the peroneal muscles are weak and the tibial muscles are stiong. 
After complete correction of the deformity this muscle imbalance maj 
persist and account for a dorsiflexed first metatarsal bone and a plantar- 
flexed great toe which may, at first, be present only upon use of the foot. 

Faulty manipulative corrections of a congenital talipes equinovarus 
may, unfortunately, produce the so-called rocker foot by forcibly stretch- 
ing the ligaments and capsules which support the plantar aspects of the 
mid-tarsal joints. The hind foot remains in equinus and inversion 
while the forefoot is dorsiflexed and sometimes abducted. The action 
of the peroneus longus muscle is further weakened by the mechanical 



Fig. 5 — A, Lateral roentgenogram of foot 3 months after a Bunn triple arthrodesis 
for congenital talipes equmovarus. 


B, Lateral roentgenogram of foot 6 years later, showing a markedly elevated first 
metatarsal with hallux equmus. 


G, Photograph of foot showing the fust metatarsal-gieat toe defoimity with 
marked dorsal bunion over the first metatarsal head. 


a 


D, Lateral roentgenogram of foot 5 years after operative correction of first meta- 
tarsal-great toe deformity. 


interference imposed by such a deformity. The anterior tibial muscle, 
strong from the beginning, becomes more powerful with attempts of 
the patient to gain dorsiflexion of the entire foot. Thus, the first 
metatarsal bone is gradually pulled into more relative dorsiflexion than 
the rest of the forefoot. The great toe is plantarflexed by its two flexor 
muscles to provide a point of weight-bearing medially and to aid the 
push-off which is limited and weakened by the equinus of the heel. 

III. Osteomyelitis of Os Culcis , Three Examples , — -The osteomyelitis 
was due to pyogenic organisms in two cases and tuberculosis in one. 
The disease was quiescent in each ease and the patients had been walk- 
ing upon the foot lor year's. Either because of operative removal or 
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again very active as an aid in balance. The first metatarsal bone, of 
necessity, dorsiflexes when the hallux assumes this position. 

II. Congenital Talipes Equinovarus, Seven Examples. — A primary 
dorsal flexion deformity of the first metatarsal bone and secondary 
plantar flexion deformity of the great toe may develop. 

A. Deformity well corrected. Persistent imbalance of peroneal mus- 
cles and tibial muscles, one example: This patient was first seen because 
of a mild recurrence of equinovarus deformity. Tibial muscles possessed 
normal strength but the peroneal muscles were very weak.- A triple 
arthrodesis was done and resulted in good correction. Six months later, 
on standing and walking only, the first metatarsal bone was dorsiflexed 
and the hallux plantar flexed. With the foot at rest there was no evi- 
dence of this deformity. 



B. Residual severe deformity consisting of equinus of the hind foot 
and dorsifleodon of the forefoot (Rocker feet), six examples: The pa- 
tients varied in age from 6 months to 5 years when treatment was 
started. All presented severe talipes equinovarus which either re- 
sponded to conservative treatment and then recurred or failed to re- 
spond from the start to tins form of therapy. In two cases there were 
lon«- periods when the patients were not seen. Corrective soft tissue 
operations followed by either the Iloke or Dunn type of triple arthrod- 
esis were done in all cases. In performing the stabilization in one pa- 
tient both peroneal tendons were sectioned for purposes of exposure and 
were sutured at the completion of the operation. The metatarsal de- 
fm-mitv gradually developed before the stabilization in four feet and 
after ^stabilization in two (Pig. 5). 

The metatarsal and great toe deformity in this group is, again, due 
, . , which exists between the peroneus longus and the 

t0 t^Lr 1 tS musclL In the uncorrected congenital talines eouino- 
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destruction or both there was considerable loss of substance and de- 
foimity of the calcaneus. Because of infection and operations all pre- 
sented considerable scarring about the hind foot. The infection had 
involved the ankle joints in the three cases causing a bony ankylosis. 
The subastragalar joint was ankvlosed by bone in one and by fibrous 
tissue in two cases. The anterior tibial muscle possessed normal 
strength. The peroneal muscles were caught in sear tissue in one case, 
were of questionable strength in one, and had good power in the thud. 
The flexor liallucis longus muscle was moderately weak in two cases and 
had no apparent action in one. The flexor haltucis brevis muscle pos- 
sessed normal power in all cases. The dorsal flexion of the first meta- 
tarsal bone and plantar flexion of the hallux gradually developed. This 
deformity varied in degree and was always most marked on weight- 
bearing and walking (Pig. 6). 



A. B. 

Fig. 6. — A, Lateral roentgenogram of loot showing the ankyloseil ankle and the 
marked deformity of the os calcls due to chronic, inactive, pyogenic osteomyelitis ; 
the elevated first metatarsal with hallux eijuinus is well advanced. 

JB, Lateral roentgenogram of foot 1 year after operative correction of first meta- 
tarsal-great toe deformity. 


The possible causes of the deformity in these cases seem to be three 
in number. Due to the considerable scarring about the heel the peronens 
longus muscle may have been somewhat adherent to the scar tissue as 
it definitely was in one patient. The peroneal muscles may be further 
weakened by working at a mechanical disadvantage due to the deformity 
of the hind foot. The third factor is the ankylosis of the ankle with 
consequent loss of push-off from the Achilles group. This leads to the 
development of the flexors of the great toe, particularly the flexor 
liallucis brevis muscle, as secondary propelling muscles. All of these 
factors may be operative in these cases to explain the great toe-first 
metatarsal deformity upon the basis of muscular imbalance. 

IV Gavus Feet, Three Examples . — Two patients with eavus feet de- 
t , e( j a primary dorsiflexion deformity of the first metatarsal bone 
'rth secondary plantar flexion deformity of the great toe. The etiology 
"f the pes eavus was obscure, although the second patient had a spina 

bifida occulta. 

, first patient I««l bilateral '•"« of modmuf.- licgirv ii.-Miciufcd 

CASE I- 11 , roiieal nuiM-les. Tin - I'lnnlnr fascia was emit meted and 

With niiW weakness of the i»tr< 
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The metatarsal deformity apparently is primary and may be pro- 
duced by essentially the same mechanism as in a rocker foot. The 
overactivity of the anterior tibial muscle to produce dorsiflexion and 
inversion in a prouated valgus foot overbalances the action of the 
peroneus longus upon the first metatarsal. 

VI. Paralytic Pes Planovalgus Associated With Recklinghausen’s 
Neurofibromatosis, One Example.— This patient presented a rather se- 
vere pes planovalgus which apparently resulted from involvement of 
the spinal cord by the neurofibromatosis. Definite paresis of the pos- 
terior tibial and gastrocnemius museles was demonstrable. Conserva- 
tive treatment failed and a triple arthrodesis was performed. The 
peroneal tendons were sectioned in performing this procedure because 
the operator reasoned that they were deforming factors. This was an 
error in judgment as subsequent events proved. The weakness of the 
plantar flexors of the foot was increased with a definite calcaneal type 
of foot developing. Eight months after operation a well-marked dorsal 
flexion deformity of the first metatarsal and plantar flexion attitude 
of the great toe was present. 

The metatarsal deformity is primary and is due to the action of a 
strong anterior tibial muscle unopposed by a peroneus longus muscle. 
The flexor museles of the great toe were utilized to enhance the pushoff 
mechanism in walking and also were used to plantarflex the great toe 
for a medial weight-bearing point. This case is comparable to the cases 
in Group B (a) caused by anterior poliomyelitis. 

TREATMENT 

Prophylaxis. — Nineteen cases of this deformity occurred as a result 
of tendon transference in anterior poliomyelitis. In these instances the 
balanced and opposing actions of the peroneus longus and anterior tibial 
muscles upon the first metatarsal had been underestimated before pro- 
ceeding with tendon transference. Before transference of the peroneus 
longus tendon the effect of the loss of its normal action upon the first 
metatarsal should be carefully considered. 

With paralysis of the anterior tibial muscle in a case adapted to ten- 
don transference, the peroneus longus tendon or both peroneal tendons 
should be transferred to the region of the third metatarsal base or third 
cuneiform bone rather than to the region of insertion of the anterior 
tibial tendon. By this procedure the objectives of the tendon transfer- 
ence will be gamed without resultant deformity of the first metatarsal 
bone. Another method that may be suggested is the transference of 
the peroneus brevis tendon to the anterior tibial tendon insertion, leav- 
ing the peroneus longus undisturbed. A triple arthrodesis is, of course, 
always indicated (Group I, A). 

In cases of weak or paralyzed Achilles group of muscles with strong 
anterior tibial and peroneus longus muscles, the latter muscle should 
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overaction of the posterior tibial muscles was thought to be a contributing factor. 
Bilateral stripping of the plantar fascia and intrinsic muscles from the os calcis 
and transference of the posterior tibial tendons to the base of the third metatarsal 
bones were done. Within four months bilateral marked rocker foot resulted in a 
complete reversal of the original deformity. A triple arthrodesis of each foot failed 
to stabilize the foot in good position and the rocker feet continued. One year after 
the latter procedure, dorsal flexion deformities of both first metatarsals associated 
with plantar flexion deformities of the great toes were noted. Bunions were present 
over the dorsal aspects of the metatarsal heads (Pig. 7). 

The reversal of the deformity from pes cavus to pes planovalgus in this case was 
due to the posterior tibial tendon transference to the dorsum of the foot. The dorsi- 
flexed position of both first metatarsals with plantar flexion of the great toes was 
caused by the same muscular imbalance as in rocker feet complicating congenital 
talipes equinovarus. 

Case 2.— The second patient presented bilateral pes cavovarus associated with 
claw toes. The deformitiy was more marked in the left foot and the subsequent 
discussion refers to this foot. Bain over the plantar surface of the first metatarsal 
head was present and on weight-bearing he protected this joint by inverting the 
foot. No definite muscle weakness in the foot was apparent. The deformity was 
largely confined to the forefoot, the hind foot being essentially normal in appear- 
ance. The following operation was done upon the foot: arthrodesis of the first 
metatarsocuneiform joint with removal of wedges of bone from this joint to correct 
the downward displacement of the first metatarsal; transference of the tendon of 
the extensor hallueis longus to the neck of the first metatarsal; arthrodesis of the 
interphalangeal joint of the great toe; and dorsal eapsulotomy of the first meta- 
tarsophalangeal joint to allow correction of the clawing of the great toe. Eighteen 
months later there was a dorsitlexion deformity of the first metatarsal with plantar 
flexion of the great toe. The patient continued to complain of pain in the first 
metatarsophalangeal joint. 

The cause of the great toe-metatarsal deformity is not exactly clear. Although 
the tendon transference resulted in marked weakness of dorsitlexion of the great 
toe, the flexors of this toe also became weak. A very plausible explanation, but one 
which is not definitely proved by postoperative roentgenograms, is the possible in- 
terruption of or slowing of growth from the dorsal portion of the epiphyseal line of 
the first metatarsal bone caused by the wedge osteotomy of the metatarsocuneiform 
joint. The base of the wedge of bone removed from this joint was, of course, dorsal 
and trauma to the dorsal portion of the metatarsal epiphysis might have resulted. 
The persistent pain over the plantar surface of the first metatarsal head might also 
explain the deformity inasmuch as protection of this painful area would require 
overuse of the tibialis anticus muscle in order to lift the first metatarsal head from 
the weight-bearing surface. 

V. Pes Planovalgus, One Example . — Following a twisting injury to 
the foot and ankle the patient developed a painful pronation of the 
ri<rht foot. There was considerable spasm of the peroneal muscles and 
ot ° t he long extensor muscles of the toes. Marked limitation of inversion 
and eversion of the foot was noted. The foot did not respond to con- 
‘ tive management and a triple arthrodesis was done. The deformity 

A ■ 11 v recurred and a dorsal flexion deformity of the first metatarsal 
graaua } flexed gl . eat toe appeared. The stabilization had relieved 

and plan • ° tibialis anticus muscle was overaetive during 

the peroneal spasm. 

active use of the foot. 
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sale and the cartilage is removed. With a thin osteotome a rectangular 
section of hone hi to % inch deep is removed from the dorsal aspects 
of the contiguous hones. These two sections of hone are cut into small 
pieces. The first metatarsal bone is manipulated into its normal posi- 
tion where it is held by an assistant. This replacement results in a 
wedge-shaped defect in the joint as the dorsal aspects of the contiguous 
hones swing apart. A bone graft of sufficient size to fill the rectangular 
defect and to bridge the dorsal gap in the joint is removed from the 
tibia and pounded into the prepared bed, maintaining the correct posi- 
tion of the metatarsal. Any space remaining in the joint is filled with 
small hone grafts. If arthrodesis of both the first metatarsoeuneiform 
and first cuneoscaphoid joints seems advisable the technique is the 




Fig. 8. — Drawings to illustrate the arthrodesis of the first metatarsoeuneiform 
joint, utilizing a tibial bone giaft and bone chips, to correct elevation of the first 
metatarsal with hallux euuinus . the deforming muscle should be transferied to the 
nml-foot if the first metatarsal displacement is primary. 


same, the tibial bone graft extending from the scaphoid bone across the 
first cuneiform into the base of the first metatarsal. If there is a fixed 
plantar flexion deformity of the great toe it usually responds to manip- 
ulation. In a small minority of eases a eapsulotomy of the plantar 
aspect of the first metatarsophalangeal joint was also necessary. The 
foot is immobilized in a plaster east with the corrected position of the 
first metatarsal well supported. Ankylosis is usually present in eight 
weeks (Pig. 8). 

Other operative procedures have been used in correcting this de- 
formity inasmuch as the treatment must be individualized for each case. 
Thus the correction of the first metatarsal deformity may be done at the 
mul-tavsal area as part of an osteotomy or triple arthrodesis which is 
necessary to correct other deformities and to stabilize the foot (Table 
II, Miscellaneous operations). 
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not be transferred to the os ealeis unless the anterior tibial tendon is 
transferred to the mid-foot (Group I, B,b). 

Ireutmcnt of the Deformity . — If the muscle imbalance is not marked, 
(he deformity may never become severe enough to warrant operative 
correction. In eases showing progressive deformity of the great toe and 
first metatarsal, operative correction is simplest when done early before 
the deformity has become fixed. Transference of the deforming muscle, 
either the anterior tibial or transferred peroneus longus, to the third 
metatarsal base may correct the dorsal flexion of the first metatarsal. 

If the first metatarsal deformity has existed for some time, it becomes 
more or less fixed and more radical surgery is often indicated. The 
deforming tendon should be transferred to the mid-foot as already re- 
ferred to and an arthrodesis of the joint or joints at which the dorsi- 
flexion occurs should be performed, correcting the metatarsal displace- 
ment. This requires, as a rule, a corrective arthrodesis of the first meta- 
tarsocuneiform joint or the first cuneoscaphoid joint or both. This 
operation has given very satisfactory results in our experience (Table 
II). The dorsal aspect of the joint is opened by reflexion of the cap- 
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A CASE OP LIVEDO RETICULARIS AND VASOSPASM 
TREATED BY SYMPATHECTOMY, WITH SOME 
NOTES ON SYMPATHETIC ANESTHESIA 
IN LABOR 

Harris B. Shujiacker, Jr., M.D., Baltimore, Md. 

• ( From the Department of Surgery of Johns Hopkins University and Hospital) 

L IVEDO reticularis is a rather uncommon circulatory disorder of the 
j skin which has been recognized for many years but the mechanism 
of which is poorly understood. It is characterized by a reticular bluish 
mottling of the skin which is intensified by cold and by dependency of 
the affected part. Closely allied to this condition is the so-called livedo 
racemosa in which there are raised or palpable cutaneous lesions in a 
distribution corresponding to the bluish areas in livedo reticularis. Also 
closely related is erythema ab igne, a condition in which a more or less 
permanent reddish or brownish discoloration of the same general pat- 
tern occurs as a result of exposure to heat. 

The classification of livedo reticularis which Williams and Goodman 1 
suggested is a very helpful one. These authors divided the eases into 
three groups. Cutis marmorata, the commonest form, occurs as a gen- 
eral rule rather diffusely over the body, is increased by cold and dis- 
appears when the body is warm, and is most frequent in infants, often 
disappearing as the child grows older. Livedo reticularis idiopathica is 
a more intense mottling which generally persists with variation in de- 
gree regardless of ordinary changes in the temperature of the skin. 
Livedo reticularis symptomatica is a similarly persistent mottling as- 
sociated with some other disease which may affect the superficial vascu- 
lar bed, such as the erythema induratnm type of tuhereulid , 2 syphilis , 3 
or periarteritis nodosa . 1 

The case which I am reporting represents an unusual type of vaso- 
spastic disease in which livedo reticularis was present in the lower limbs. 
Because of the absence of pain with the uterine contractions of labor in 
this patient after she had undergone bilateral lumbar sympathectomy, I 
have been stimulated to investigate local anesthesia of the sympathetic 
nerves for the relief of pain in labor. 

CASE REPORT 

H. S., an lS-year-old white girl, came to the Johns Hopkins Hospital on May 29, 
1940, complaining of bluish mottling of both lower extremities and of coldness and 
numbness of both feet. Her general health had been good. Two years previoush- 
during the winter, a friend had called her attention to a bluish discoloration about 
both ankles. When first noticed it was evenly distributed in both legs and <»radu- 
ally spre ad in a symmetrical fashion down into the feet and farther up tile lens. 


Received for publication, May 2S. 1912. 
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SUMMARY 

Forty-two examples of elevation of the first metatarsal with hallux 
equinus have been reviewed. The modes of production and methods of 
prevention and operative correction of the deformity are presented. 

The deformity is caused by a muscular imbalance of the foot which 
is the result of various primary diseases. An imbalance of muscles 
acting upon the first metatarsal caused the deformity in 86 per cent 
of the cases while 14 per cent were the results of muscular imbalance of 
the great toe. 

The primary disease was anterior poliomyelitis in 64 per cent of the 
examples. Tendon transference accounted for the deformity in 70 
per cent of the eases in this group (45 per cent of the total series). 
Before transference of the peroneus longus tendon careful consideration 
should be directed to the effeet of such transference upon the first meta- 
tarsal. This tendon should not be transferred to the region of insertion 
of the anterior tibial tendon nor should it be transferred to the os calcis 
without regard for a strong anterior tibial muscle. 

The results of operative correction of this deformity have been rela- 
tively good. 

The author wishes to express his appreciation to Dr. C. E. Badgley, Dr. Martin 
Batts, and Dr. R. E. Me Cotter for their help and advice in the preparation of tins 
manuscript. 

REFERENCE 

Lapidus, P. W.: "Dorsal Bunion’’: Its Mechanics and Operative Correction, J. 

Bone and Joint Surg. 22: <i27-(io7, 1040. 



SHU.M acker: LIVEDO RETICULARIS AND VASOSPASM 


259 


On July 2o, the second, third, and fourth lumbar sympathetic ganglia on the right 
side, with the intervening chain, were excised through the usual extrapentoneal 
approach. After this operation no mottling was noted in the right lower extremity 
and it remained warm and dry, whereas mottling persisted in the left, and the left 
foot was usually cool and net though covered by bedclothes. When the legs hung 
down, however, a faint pink mottling appeared in the right leg and foot. Even in 
a hot room (30.4° C.) the difference in temperature of the two lower extremities 
was striking: the toes were 11.5° warmer on the right side, the ankle 3° and the 
patellar region 2° C. The same operation was carried out on the left side on August 
1, and she was discharged on August 7. 

Her feet have remained warm and dry, there lias been no discomfort or numb- 
ness, and she has had no discoloration except a faint pink mottling when her legs are 
dependent. She has gone through two winters without any difficulty. When her 
legs are dependent a faint mottling is present which is less extensive than it was 
before operation, the reticulations aie much finer, and the color is an inconspicuous 
bright pink. The mottling disappears slowly when she lies down, a little more rapidly 
when her limbs are elevated ; it gradually appears when the limbs are hanging down, 
a little more slowly when a venous tourniquet is placed about the thigh when the 
patient is recumbent. 



FB 1. — Photograph of a water coloi of the patient's right lower extremity. 


The patient had tier first child in August, 1941. When a show appeared she con- 
sulted her physician and was surprised to be told that she was having strong uterine 
contractions and was in active labor. She was admitted to a hospital, labor pro- 
gressed rapidly, and she was delivered spontaneously of a normal infant. She said 
that she had no pain at all with uterine couti actions up to the time of expulsion of 
the baby, 

DISCUSSION 

Kaposi,' who apparently first used the term livedo to designate lo- 
calized and limited areas of cyanotic mottling in contradistinction to 
generalized cyanosis, felt that the mottling was due to distension of the 
veins. The superficial venous network does not, however, correspond to 
the pattern of livedo reticularis. Kenaut'" made studies of the arrange- 
ment of blood vessels in the skin by injections of Prussian blue, during 
which there first appeared rounded blue patches which lie felt outlined 
(he bases of vascular cones, each of which was fed by a deep arterv at 
its apex and which represented areas of maximal circulation. As the 
injection was first being made these rounded areas were separated by 
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Kecentl } it lud been pieseut in the Jovvei half of both thighs When she anise in the 
morning tie mottling was slight and became moie noticeable aftei she had been 
on hei feet foi a short while. She thought it was increased b) exposure to cold, it 
was less piomment dunng the waim bunvmei months but became even more extensive 
w veil cold weather returned. She said that the discoloration became less apparent 
when she wanned her legs befoie a fire or undei bedclothes During the winter m 
which the mottling was first observed she had also begun to complain of coldness o t 
hei feet and legs; she could not lecall which came that On slight exposure to cold 
the feet and legs would become extremely cold, and often there would be a mild 
aclung tired feeling in the legs and feet and an anno>mg numbness of the feet and 
ankles. Emotional excitement did not seem to cause her feet to become cold She 
thought that her feet and hands perspned mote than normally She had no edeuu 
or ulceration Her hands weie geneiall) waiin and became cold only on prolonged 
exposure to extreme cold In recent months she had noted a very faint mottling 
on the dot sum of het left hand It was of mteiest that the patient, as well as other 
membeis of hei family, was accustomed to sitting with hei feet on the rail of 
a stove when she came indoois on a cold daj Ho othei membeis of the family had 
similar complaints The fa mil) did not recall any mottling dunng her infancj 
When she was fiist seen in the outpatient department on a cool day but after 
she had been m a unim loom foi an horn or more , hei lower extremities piesented a 
striking appeal ance. Theie was a dirt) blue leticular mottling beginning in the nud 
thighs and covering the entire legs and feet The central aieas within the cyanotic 


rings were extiemely pale and the appearance was much like that often seen m 
cadaveis. The entue discolored area was very cold, the upper halves of the Hughs 
were warm The femoral artenes pulsated well At times it was thought that a 
weak pulsation m the left postenoi tibial artery could be distinguished, but this 
was not ceitam. No light postezior tibial and neither dorsal pedal pulsation cou Id 
be felt On elevation of the legs the pale areas increased in palloi and the mottled 
blue gradually became less piomment and eventual!) disappeared The mottling was 
intensified when the limbs hung down The hands weie moderately warm and the 
radial pulses full, and there was no mottling of the uppei extiemities or trunk 
Two da)s latei skm terupeiatuie studies were cairied out After the pitient had 
been lying down m a waim room foi some time the feet were slightly cool, the legs 
warm. The dorsal pedal pulsations weie small but easily felt, the posterior tibial 
pulsations weie full There was a pinkish blue mottling up to the knees On ex 
posure to cold (room temperature 20° C ) the toes cooled to about room temperate! o, 
the temperature in the fingers dropped to 2S° G , the mottling became more intense 
and extended up into the thighs, and the pinkish blue color gave w.i) to a du-kv 
blue A very faint mottling appeared on the dorsum of the left band The doistl 
pedal pulsations became almost imperceptible When the bod) was warmed with 
blankets and heating pads, the exposed lowei extremities grad u illy became w irm, 


the pulses became stiouger, and the mottling disappeared Aftei m hour and a 
quarter of bod) heating the tempeiature of the toes rose to M° C 

She was admitted to the hospital on July 2J, 194'), the mottling had been less 
prominent during the previous summer, but it was now verj noticeable even during 
hot weather Although it was a ver) hot da) the feet were mol and the mottling 
present. Fig 1 is a photograph of a water color mule on i hot dav after brief 
"'oosure m a cold room When vasospism was more complete the mottling was tun 
extensive than is here represented When there was moderate vasospum a 
d re actmn could be obtained over both the pale ami the bud irens bv 
briman km a solution of i 1,000 histamine No n. iction occurred when 1 

pricking uas pruned into the skin These tests wire not n pi ifid whin 

vasospasm ".is extrene m t, e nt bid severe v wpunn and livido jitu ill iris 

The impression was that v 


of both lower extremities 
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mottling after body warming or sympathectomy, as in my case (although 
the discoloration is now pink and not blue) is due to the fact that in some 
instances the atony and dilatation of the capillaries may be more or less 
permanent. In order to explain the disappearance of the livedo on eleva- 
tion of the affected limb it seems best to assume that the venules drain- 
ing the capillary bed in the peripheral annular zones where there is re- 
duced blood flow and capillary atony are likewise somewhat dilated. 
When the limb is dependent the increased venous pressure would ex- 
aggerate this dilatation and stagnation in the venules and would in- 
crease the livedo; when the limbs are elevated these venules would empty 
and diminish the mottling. This explanation would account for the 
changes in appearance with dependency and elevation of the limb after 
sympathectomy has been performed and any normal vasoconstrictor 
effects of dependency presumably have been eliminated. 

It is interesting that Cavafy 15 in 1S83 wrote : "I think the condition 
is probably due to a vasomotor neurosis, allied to the local asphyxia of 
Raynaud, but the share taken in its production by arteries and veins is 
not easy to apportion. In temporary mottling from cold we have prob- 
ably to do udth spasm of the terminal arterioles of the skin and conse- 
quent overfilling (from diminution of pressure a tergo) of capillaries 
and veins. .. .” 

Barker, Hines, and Craig 10 have recently reported thirteen cases of 
livedo reticularis and have expressed the opinion that there are usually 
organic changes in the arterioles of the skin as well as chronic vaso- 
spasm. Several of their patients had ulcers of the legs and superficial 
gangrene of the toes. They performed lumbar sympathectomy in three 
cases. In two, in which there was gangrene of the toes, the feet became 
warm, the toes healed, no further gangrene developed, and the livedo al- 
most completely disappeared. In the third, in which there was an ulcer 
of the leg and gangrene of several toes, the operation was followed by 
healing of the ulcer and toes but the ulcer reappeared after a year and 
amputation was eventually necessai-y. In this case the livedo persisted 
but the color of the livid areas was pink except on exposure to extreme 
cold. 

The fact that my patient went through the first stage of labor with- 
out feeling any pain with uterine contractions was a very stimulatin'* 
and somewhat surprising occurrence. The course of the afferent pain 
fibers from the uterus is not fully understood. Whether they pass from 
the superior hypogastric plexus directly into the lumbar sympathetic 
chains or whether all or part of them pass up through the aortic plexus 
to enter the sympathetic chains at a higher level, is not known. With 
regard to my patient one cannot be certain whether there was a causal 
relationship between the excision of the lumbar .sympathetic chains and 
the absence of pain with uterine contractions. She certainly reacted 
normally to other painful stimuli. 

I know of one other instance in which a patient on whom bilateral 
lumbar sympathectomy had been performed has recently gone through 
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pale tracts which he thought were the peripheral portions of the vascular 
cones and represented areas of reduced circulation. As the injection 
proceeded, these areas also became blue. He thought that venous stasis 
might produce a dusky reticular network corresponding to the areas 
of 1 educed circulation. This explanation of the anatomic background of 
livedo was accepted by Adamson 7 and others. Lewis 8 was unable to re- 
peat these observations with dye injections of the skin, nor was he able 
to substantiate them with observations of natural injections of the skin 
following release of pressure after an arm had been emptied of blood 
with an Esmarch bandage. Yet he concluded that the evidence pointed 
to a ‘ ‘ correspondence between areas of mottling and main arteriolar 
territories, the maximal points of supply being in the center of the paler 
areas. This excess of blood flow, slight as it may be, would explain an 
associated increase of minute vessel tone and pallor. Given that the 
marginal areas are areas to which blood flow is slightly less, then they 
would be more susceptible to damage, and here the tone of the vessels, 
originally low, would tend to become more or less permanently inefficient, 
leading to quite distinct changes in responsiveness, changes that might 
even become associated with refractoriness.” Although Lewis was un- 
able ordinarily to detect anything but negligible and inconstant dif- 
ferences in temperature between the pale and the colored areas, as might 
be expected if the difference in flow is slight, he did find that the pale 
areas in a case of erythema ab igne were, on an average, 0.08° C. warmer 
than the dark areas, indicating, if anything, a slightly greater blood 
flow in the pale areas. 8 ' 9 Lewis stated that capillaries and venules are 
the same in number in the pale and the livid areas; Barker, Hines, and 
Craig 10 stated that capillaries are more numerous in the livid areas and 
usually more dilated and with slower blood flow. 

From the data available it appears that the best explanation of the 
mechanism of livedo is as follows: There are areas of maximal blood 
supply in the skin, perhaps from capillary arborizations from central 
arterioles which enter the skin from below. In these central areas the 
tone of the capillaries is slightly greater and the blood flow slightly faster 
than in the surrounding periphery. Either through organic changes in 


the blood vessels or through vasospasm of the arteries and arterioles sup- 
plying the skin, the capillary atom' and stagnation of blood flow in the 
peripheral areas is further increased. This increase brings about a 
livid discoloration in annular rings surrounding central pale areas. 
The discoloration is intensified by exposure to cold, which further in- 
creases the vasoconstriction of the arteries and arterioles supplying the 
Hn The livid areas disappear or change to a pink color with finer 
reticulation when vascular spasm is released by warming the body of 
the patient or by sympathetic interruption. Dependency of the affected 
• Kvmox about some intensification, possibly through the 

part smim . “ ,j 10U<r i 1 there is disagreement on this point 11 ' ” 

same meciams , investigators that vasoconstriction occurs when 

^rri * . 

the legs aie m a i 
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Cleland, 1 * believing that the afferent pain fibers from the uterus entered 
the spinal cord through the eleventh and twelfth spinal roots, injected 
these roots in five women in labor and obtained analgesia over the lower 
abdomen and cessation of pain with uterine contractions. Several years 
previously Dellepiane and Badino 1 ' had reported alleviation of pain with 
uterine contractions from a unilateral injection in the region of the third 
lumbar sympathetic ganglion. 

Although lumbar sympathetic anesthesia may ultimately prove of aid 
in alleviating pain during the first stage of labor, it is my hope that it 
will not be adopted in general obstetric practice until numerous problems 
concerned with its use have been thoroughly investigated. 

SUMMARY 

An unusual ease of vasospasm of the lower extremities associated with 
livedo reticularis is presented and the mechanism of livedo is discussed. 
Lumbar sympathectomy gave an excellent result and appears to be in- 
dicated in cases of this kind. Because of absence of pain with the uterine 
contractions of labor in this patient, the possibility of inhibiting pain- 
ful stimuli from the uterus by interruption of the lumbar sympathetic 
impulses is being investigated. 
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parturition. Four and one-half years previously sympathectomy had 
been performed elsewhere for Raynaud ’s disease and scleroderma. The 
sweating defect would indicate that the operation undoubtedly included 
resection of both second and third lumbar ganglia. Though it is very 
difficult to interpret her subjective sensations during labor they merit 
consideration. At the time of delivery those attending her were not im- 
pressed with anything unusual but felt that her labor was very easy. 
On careful questioning she states that she was having no pain at all when 
her membranes ruptured spontaneously at 1 :30 a.m. while she was lying 
in bed. She went to the hospital shortly afterward and fleeting uterine 
contractions were noted by the' examiners. She slept soundly without 
medication until about 6 a.m. By S a.m. labor was definitely established. 
All during the morning she had no sensations with the uterine contrac- 
tions except an ill-defined feeling within the abdomen of an intermittent 
tightening and relaxation, not painful, a sensation akin to that ex- 
perienced when the skin is stretched and then released. In the after- 
noon she began to have an aching discomfort in the back which was con- 
stant and which was not, as well as she can recall, exacerbated during 
uterine contractions. The feeling of tightness became stronger. At 4 :15 
she experienced her first severe pain, an agonizing pain as if she were 
being squeezed. The exact localization is not recalled, but she thinks it 
was felt over the abdomen as well as in the pelvis. After three or four 
such pains she was taken to the delivery room and at 4 :45 an 1,S60 Gm. 
child was delivered under sodium pentothal anesthesia. It is not pos- 
sible to say whether this relatively painless first stage was related to the 
sympathectomy or whether it was a coincidental easy premature labor. 

It will be interesting to learn if other women who have undergone bi- 
lateral lumbar sympathectomy have any alteration of subjective feelings 
during labor or whether they have the customary pain. Regardless of 
whether the absence of pain in m.y patient was coincidental or the result 
of her previous sympathectomy, or whether the second patient had di- 
minished pain as the result of her operation, the question of the rela- 
tion between lumbar sympathetics and uterine pain deserves fuller study. 


Further study and observation of cases may or may not provide evidence 
to suggest that bilateral lumbar sympathectomy may be helpful in al- 
leviating painful uterine conditions or that this operation may be ad- 
vantageously combined with resection of the hypogastric plexus. 

The case reported has led me to investigate the effect of sympathetic 


anesthesia in labor. A sufficient number of cases has been studied to 

permit me to say that an effectual injection of a local anesthetic solution 

into the region of the lumbar sympathetic nerves on both sides will al- 

} i tc temporari! v the abdominal pain associated with uterine contrae- 

6 ‘ a pp ar ently without interfering with the frequency or foreef illness 

U H-.iis and without deleterious effect upon fetus or mother. 
„t tl.o «outi,a,o.» an ^ ^ ^ ^ ^ 

A prelnmna > , ■i.. tera l injection of the lumbar sympathetic nerves 

ims I not 0 bee.fu^ 1 for abolishing <he pains of labor. Some years ago 
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reported an emboleetomy of the aorta with death from a renal infarction 
twenty-six hours after operation. Circulation was good in both legs after 
the operation until death. 

For the most part, the results of emboleetomy in the terminal aorta 
have been poor. In 1932 Pearse* made a critical survey of emboleetomy of 
the extremities, including seven embolectomies of his own in six eases. 
This survey apparently included the 216 cases reported by Key in 1929. 
As reported by Pearse, there were 282 embolectomies including thirty- 
four eases of embolism of the abdominal aorta, 131 of the common fem- 
oral, and forty of the brachial artery. Pearse states that for an embolee- 
tomy to be considered successful, the patient must survive at least a 
month after the operation. Of Pearse 's collected cases, 133, or 48 per 
cent of the patients, fulfilled this criterion, a fact which should encourage 
surgeons to continue their efforts. 

Etiology in the patient in the ease to he reported was essentially the 
same as it had been in practically all of the previously reported eases. 
That is, it has its origin as a thrombus which, begins in the left heart and 
from that point is floated into the arterial tree ; if it is small enough, of 
course, its drifting will come to an end beyond the terminal femoral. 
However, out of 282 eases, as noted by Pearse, thirty-four came to rest 
at the bifurcation of the aorta, creating a riding embolus. This particu- 
lar group presents probably the most fatal type of emboleetomy, because 
it is very difficult to approach the terminal aorta without at least a 
spinal anesthesia, unless the retrograde procedure of Key is used, and, 
although this may be successful, it is difficult to see that its success ina 
riding embolus, such as the ease to be reported, would be as good as a 
direct approach, which was followed in this aud previous cases. 

The original emboleetomy of the aorta through incisions in the right 
and left common iliac of our patient was followed three days subse- 
quently by emboleetomy of the right common femoral at its bifurcation 
into the profunda and ten days later by a supracondylar amputation of 
the right limb, which revealed an embolus in the popliteal artery. 


CASE REPORT 


The patient was a 24-year old white woman who entered the hospital because of 
dyspnea, cough, and fever of one week’s duration. She had been a known rheumatic 
since the age of 5 years when she showed manifestation of chorea which lasted for a 
year. Three yeais later she developed polyarthritis which necessitated bed rest for 
two months. At the age of 10 years she had another attack of polyarthritis and 
it was at this time that cardiac manifestations were first noted. At the age of IS 
years the patient had a third attack of polyarthritis ana carditis, and since that time 
has been on digitalis and limited activity. Dyspnea on exertion has continued despite 
this medication. For ten days prior to admission the patient had a cough with in- 
crease in iier dyspnea and, when a temperature of 103° F. appeared, decided to he 
hospitalized. 


Her past history, aside from rheumatic fever, revealed measles nmrnpc and 
chicken pox in childhood, a tonsillectomy at the age of 7 years, and excision of a 
pilonidal cyst at IS years of age. 
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jpROBABLY the first attempt to remove an embolus by arteriotomy 
was made in 1895 by Ssabanjew, 1 a Russion surgeon, and although he 
was unsuccessful, post-mortem examination nineteen days after opera- 
tion showed the suture line in the blood vessel to be free from clots. 
Following this attempt, several surgeons did arteriotomies but without 
success. Although also unsuccessful, Trendelenburg’s 2 operation for 
pulmonary embolism performed in 1907 encouraged further attempts 
in this field. However, all attempts at embolectomy were unsuccessful 
until Labey’s successful embolectomy of the femoral artery, as reported 
in 1911 by Mosny and Dumont. 3 In the following year, 1912, Alexis 
Carrell received the Nobel Prize from the King of Sweden for his re- 
searches on the suture of the blood vessels and the transplantation of 
vessels and organs. It was also in this year that Key 1 reported the suc- 
ond successful embolectomy of the femoral artery. The success of this 
ease, the technique employed by Key, and the work of Carrell greatly 
stimulated the interest of surgeons in Sweden. By the end of 1927 Key 1 
was able to collect 216 cases from the literature and hospital reports, 145 
of the patients having been operated upon in Sweden. About five years 
later, Strombeck, Hindmarch, and Sondberg 5 of Stockholm collected 
364 cases of embolism of the arteries of the extremities, all of the pa- 
tients having been operated upon in Sweden. Since that time there 
has been an increasing number of reports from the Scandinavian coun- 
tries and from this country. 

In 1929 Burrow and Flint® reported an unsuccessful attempt to re- 
move an embolism at the bifurcation of the abdominal aorta by opera- 
tion. This case was of considerable interest in that the embolectomy 
was not performed until thirty-six hours after onset, at a time when 
there was marked evidence of peripheral circulatory impairment such as 
mottling, loss of pulsation, complete loss of function of the extremities. 
All of these symptoms disappeared after removal of the embolus through 
an incision in the terminal aorta, but the patient died twenty-six hours 
after operation, from cerebral hemorrhage with infarction, as revealed at 
necropsy Several cases of embolectomy of the aorta were reported sub- 
■ i w j(j, (_[ le same result, the interval between operation and death 
SeC J, U j n „ f rom a few hours to a few days. In 1931 Mason and Warren’ 
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protruding tlnough the incision. This na- gently lemoved with forceps and found 
to be about 6 cm. m length. Theie was a fair quantity and continuous reflux of 
blood from below this point. The opening in the vessel was closed with interrupted 
Xo. 6 0 oiled silk sutures A cuff of peritoneum was placed around the incised 
part of the arterv with endothelial side next to the vessel. A small leak of reflux 
blood necessitated two more interrupted sutures at the point of arterial opening. 
The light common iliac was then opened at the same level, about 1% cm. below 
the bifurcation. Incision in the vessel was the same length as the one on the left. 
As the mtiiiia was opened, an organized embolus extruded through the opening. 
This was slovvlj removed as on the pievious side. Examination of the embolus 
showed that the distal pait was appaientlj missing, and the embolus came out m 
three pieces A catheter with suction was applied up the proximal pait of the 
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fctimxhi — In. It \ nit. 

I’nu.n.U lx, u.i.u, On admi-i-n phy-i-.d cxcmmitnm -ln».t-l a urv untile 
"'"’V" «»*■ »!»• Gv.n-h .ir.il irkcdly dy-pneic and orthopne e. 

cmperaturc, HkuU F., pul-e. LIO; n -piratiun-. ; Moo-1 pn-ure. 110 /- J. 
liil’il- iml rn.tive: fundi nornul; no pituhiue. Ear-. no-e. and throat: 

- o-e, in gorged turbii-ct.-: car-. negitive; mouth, tongue furr. .1. teeth poor, pharynx 
ri<l. Xcih: in- di-tcnded ami till troia Mou, thyroid -lightly enlarged. Breast.-: 

o ^ ( best: ( <> ir '<' moM rah- thmugumit clu^t; moderate nuiutor of nne 
< rcpitaut r d<. at f>oth 1- 1 '<". Heart: \j i \ U it forceful and pre-ent in seventh 
inter- o-t ll -p t- o at anterior axillary line. -Welle thrill at up.A. rapid, irregular m 
rate with pul-e detieit, blowing -y-toli-- n-iirimir ir upe\ tran-nntted upward to 
war-1 hu-e, M, loud, I'_ a- nn:u itcd. Aldonen: Liter four linger- below eo-til 
margin and tender: -plitn ind kidney - m-t felt. E\tremitte-: Xo edema, clubbing, 
cyano-n, or pete- hue. Xmrologie: I'hy -lologie. 

L.il/omlory Datu o.i .htni->ion . — White blood i el 1 - : 13.150 with S4 per cent 

poh morpliomu h nr-, 1.! per tent lymphocyte-. .ind ,5 j er cent monoevte-. Bed blood 
eelli: 1.5 nullum with 7> per cent henioglobm (t-ahlt). r-edimentation Time: 
Twenty minute- tor l*- mm. Urine: Yellow, llhli*, aei-1, one plus albumin: -ugar. 
acetone', and luiero-i opie negitne. Wa— erniann : Xegnt i\ e. Blood Cl-emi-try : 
r-ug.ir, 117 a mg. per cent: urea nitrogen, 11 !> mg. per edit Blood Culture: Xega 
ii\e 5/lx 5/ I'd, •! dll, ;/_M. i 22. 5/lrt. Spuwm : I'lnuuiototeus ripe lx Eleorro- 
cartliogram: Myocardnl dam tge. auricular nbrillation. right deviation elee'tneal 
a\i-. (lie-t Plate: Heart of eh iracteri-iie mitral contiguration, markedly enlarge-l 
(cardiothonic n* ratio 0.7.5) ; lung neld- -how marked conge-tion secondary to cardiac 
dec om pc n-at ion. 

Course. — The patient was de-peratoK ill on adnu—ion to the hospital. It was felt 
that -he hid rhmmatie heart di-ea-e with rapid auneular nbrillation and deeom 
pen-atum and probably bronchopneumonia. Hie was given a cat units of digifolm 
intravenou-Iy, 3 eat unit- intramu-c ularly. and later 4 cat units of digitalis leaf orally. 
Morphine, oxygen, an-1 ob j-er cent gluco-e intravenou-Iy were adnimistered. Sodium 
-ill tape ridiue. 4 Gm intravenou-Iy. were given immediately and sulr'athiazole started 
at 1 Gm. e\ ery tour hour- orally after an initial dose of 0 Gm. 

On this regime the patient '- improvement was remarkable: her temperature fell 
to normal, and her nbrillation wa- well controlled. On the evening of March IS. 
ten days after admi—ion, -he complained of -udden eramplike pains m both legs from 
the hips down and pain low in the hack, followed by a seo-ation of heat and then 
numbness. Examination -hawed borh leg- from the hip- down to be cool, slightly 
cvanotie, and hype-thetie. Femoral, popliteal, and dor-alls pedis pulses could not be 
felt, and oscillometric readings were zero A diagno-is of saddle embolus at the 
bifurcation of the aorta wa- made and surgical con-ultauon requested. The diagno-is 
was confirmed and deei-ion made to operate immediately. Meanwhile, a cradle had 
been put over both leg- with temperature at 90° F., the legs were oiled and bound 
with cotton, papaverine, gr.. and atropine sulfate. 1/150 gr, were given in 
travenouslv ; morphine sultate, 1/0 gr , subcutaneously : papuerme, 1 gr., whi-key. 
l/. oz., and nicotinic acid. 100 mg. given orally 
~ She was operated upon lour hour- following the on-et of the pain. Under spinal 
vnesthesia a nndline lower abdomin.il inci-iou was made Intestines were pushed 
h- -k out' of the pelvis and above the -acral promontory. The retroperitoneal space 


ened and tlie terminal aorta with its bifurcation exposed. The bifurcation 
' Ta * aJ . t p e (j 0 ,]y of the tlurd lumbar vertebra. About 2 cm. above this 

■ ’ There was pulsation down to wirlun l 1 /. 


was 


level the inferior me-enterie hid its origin. 
S mc-mv.otiou. Xo pul-ation was u 


cm. of the biiurc ^ ten nmal aorta vv.is ligated. Perivu-c ul.ir coats were di- 

left common 1 Ki n iliacs. Left common iliac was inei-ed anteriorly for a 


pulsation was noted at the biiureanon or m the right ami 


-ected from the common 


distance ot 


f gbout 1 cm, and, U P 0U 


incising the mtima. an embolus wa- noted 
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protruding through the incision. This was gently removed with forceps and found 
to he about 6 cm. in length. There was a fair quantity and continuous reflux of 
blood from below this point. The opening in the vessel was closed with interrupted 
Xo. 0-0 oiled silk sutures. A cuff of peritoneum was placed around the incised 
part of the artery with endothelial side next to the vessel, A small leak of reflux 
blood necessitated two more interrupted sutures at the point of arterial opening. 
The right common iliac was then opened at the same level, about 1 ‘/j cm. below 
the bifurcation. Incision in the vessel was the same length as the one on the left. 
As the intinv.i was opened, an organized embolus extruded through the opening. 
This was slowly removed as on the previous side. Examination of the embolus 
showed that the distal part was apparently missing, and the embolus came out in 
three pieces. A catheter with suction was applied up the proximal part of the 
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ri^ltt <.'0111111011 iliac., :uu! two or three xiniill pieces of friable embolus were removed 
trom the bifurcation ami up to the level of the ligature on the aorta. The catheter 
with suction was then inserted down into the distal part of the right common iliac 
for a distance of about JO to 12 eni., and suction was applied, but no organized 
embolus could be withdrawn. The opening in the vessel was closed with interrupted 
No. li-0 oiled silk. A (lap ol peritoneum wns sutured over the opening in the vessel, 
ft was noted that when the right vessel was opened, there was very little reflux of 
blood from below. Alter the opening in the common iliac iiad been thoroughly closed, 
the ligature was removed from the terminal aorta. There was no evidence of pulsation 
below tlui point at which tin: terminal aorta had been ligated. The patient’s legs and 
feet were examined at this time, and, although there was definite improvement in the 
warmth of the left foot and leg, there was no evidence of pulsation in the tibial or 
femoral arteries. There was slight improvement in the right leg as far as warmth 
was concerned by the time the operation was completed. The retroperitoneal space 
opening was closed with continuous atraumatic No. 1. The abdomen was closed in 
layers. 

The patient withstood the operation remarkably well. Additional digitalis was 
given preoperativcly, and tile fibrillation was well controlled throughout the opera- 
tion at a rate below 100 per minute. 

The following day the patient’s legs were warmer and less cyanotic. Sensation 
and motor power in the legs improved. The left femoral pulsation was palpable but 
not the right. Oscillometrie readings lower down were still zero. During the course 
of the next few days the left leg improved even further and an oscillometrie reading 
of 14 was obtained in the entire log. The right leg remained cool, pale, and slightly 
cyanotic. The right femoral pulsation was absent, and no oscillometrie reading could 
be obtained in the right leg. It was decided to explore the right femoral artery and 
oil April 1, three days following the first operation, the patient was taken to the 
operating room where, under 2 per cent novocain infiltration anesthesia, a transverse 
incision parallel to the inguinal ligament was made over the falx inguinale. Femoral 
artery was exposed and found to branch at this level into the profundi femoral and 
femoral artery. These arteries were opened separately and a No. 9 catheter inserted 
for a distance of 10 cm. upward and 40 cm. downward from the point of incision in 
the vessel. Suction was applied in each instance. The catheter was gradually re- 
moved. A small organized embolus was removed from the vessel about 'iVi cm. above 
its bifurcation. No other emboli could be found. There was a small amount of 
reflux blood flow with a very weak pulsation following removal of this embolus. The 
openings in the vessel were closed with two rows of No. (5-0 oiled silk continuous 
mattress sutures. Skin and fascia were closed in layers with interrupted black 


silk. 

Following this operation, the right thigh became warmer, the color improved, and 
an oscillometrie reading of Yj was obtained. The portion below the knee remained 
cool and slightly cyanotic. In addition to the medical therapy previously outlined 
(intravenous and oral papaverine, whiskey, heat cradle, sedation), a pavex boot was 


also added. 

By April 13 the patient was alert and cheerful and greatly improved. Her left 
le" was warm and had good femoral pulsation. She could move this leg readily and 
lmd no complaints referable to it. The right leg was warm down to the knee but 
.. 1 ,, cool an( i cyanotic below this point. She could move the leg, but complained 
sll S - . .i. „..ic .1 -fnnt Rv Anril 10. nine davs following the femoral 


B Lent pain in the calf and foot. By April 10, nine days following the femoral 
° i ,Hon the patient was running a low-grade fever ranging around 101° F. ; and it 
expioiai , the l0WJr t]l ; r j 0 f the right leg was becoming gangrenous and 

was obvious > gd upQn T j ie following day, under spinal anesthesia, a supra- 
amputation was _ ^ t j le r j„ht thigh was performed. Anterior and posterior flap 

condylar amputation ^ s j^ n> fascia, and muscles. The femoral vein and artery 

incisions were made ° was sawed through. The femoral artery was 

were clamped and cut and 



WIKLE AND CABOT : EMBOLECTOMY 


269 


opened and a No. 9 catheter with suction was applied and fed up into the artery 
for a distance of about •‘5 cm. A well-organized embolus about 1.5 cm. in length was 
removed with a small artery forceps. The artery was then incised for a distance of 
about 3 cm. and a metal eustachian catheter was inserted for its full length into 
it. Suction was applied and the catheter gradually removed. There was no pulsation 
in the vessel, and only a small quantity of arterial blood seemed to come down from 
it, but in an amount sufficient to necessitate ligating the end of the vessel. The 
sciatic nerve was retracted downward, injected with absolute alcohol, and about 3 
cm. excised. Muscles over the stump of the bone were brought together by interrupted 
chromic sutures. Skin was closed with interrupted black silk. 

Following this operation, the patient rapidly improved and was soon able to get 
about in a wheel chair. After about a week she started to run a low-grade fever 
and examination revealed a recurrent infected pilonidal cyst. This was drained 
(Bacillus coli), irrigated, and packed with sulfathiazole. Improvement was noted 
in the patient’s general condition for several days but later began to show more 
dyspnea and orthopnea than usual. -She responded poorly to the usual medical 
measures. On her twenty-seventh hospital day she was extremely dyspneic, and 
coarse rales were heard throughout the chest. .She responded temporarily to 
morphine, oxygen, 50 per cent glucose intravenously, and digitalis, but that evening 
suddenly started to scream, complained of severe pain in the chest, and died within 
a few minutes. 

SUMMARY 


Although the patient died twenty-seven days postoperatively from 
what was apparently pulmonary infarction, we feel that the case is of 
sufficient interest to be reported because it does prove again that pa- 
tients with severe cardiac conditions can be subjected to major surgical 
procedures without immediate mortality. 

Autopsy would have made the case complete, and we regret that we 
are not able to give such a report. However, in summary, (1) a ease 
of riding embolus at the bifurcation of the aorta is reported; (2) the pa- 
tient withstood three major surgical procedures in spite of the fact that 
she had a severe cardiac condition; and (3) technique of emboleetomy 
has been illustrated. 
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CENTENNIAL OK 


CRAWFORD LONG’S FIRST 
IN SURGERY 


USE OK ETHER 


Kiunk K. Boland, M.D., Atlanta, Ga. 

T 1' HAS been said dial medicine iias advanced more in die last hundred 
A years than in all oilier times combined. Such a statement appears to 
be particularly accurate in the year 1.942, since (lie first surgical anes- 
thetic was administered just one hundred years ago, March 30, 1842. 
Then followed the epochal pioneer work of Pasteur, Lister, Koch, 
Roentgen, Hoisted, and others, which has contributed so materially to- 
ward creating such an unparalleled hundred years in medicine. 

Disagreements over priorities in important discoveries in medicine 
and other sciences have led to discussions and sometimes heated argu- 
ments which have never ended and which will not end so long as there 
is a single supporter to champion the cause of any claimant. In no 
debate over priority of discovery in medicine has interest and feeling 
existed so intensely and so long as in the discovery of surgical anes- 
thesia. There seem to be two main reasons for this situation. If the 
discovery had been an ordinary one the matter would have been settled 
promptly and forgotten. But since the finding of means to make pain- 
less surgery possible was an achievement eagerly desired and sought 
throughout the centuries, and since no acquisition in medicine was more 
valuable, it was natural and human that any claimant to the immortal 
honor would press his demands vigorously, or have them so presented 
by his advocates. Another reason for the war of words and pamphlets 
which has existed over the discovery of anesthesia was the fact that all 
the contestants in the drama played their roles in a period of less than 
five years. If the different events had been distributed over longer 
time, and had most of the claimants not known one another and had not 
been brought into actual contact with one another, the violence of the 
controversy would have been less marked and sooner forgotten. 

It is not the purpose of the present paper to reopen the discussion, 
but to describe the part taken by one of the participants, Crawford 
Williamson Long, in commemoration of the centennial of his achieve- 
ment. As a matter of fact, the name of Crawford Long did not figure 
conspicuously in the famous “ether controversy.” The heated argu- 
ments were mainly between the New England contenders and their 
supporters, Horace Wells, of Hartford, and W. T. G. Morton and 
Charles T. Jackson, of Boston. 

One of the most frequently quoted axioms of Louis Pasteur reads, 
“In the realm of observation, chance only favors the mind prepared.” 

W, preparation had Crawford Long which led him by chance to make 
'' j ^ us g£ u i discovery? Many of the world’s greatest men have arisen 

Received for publication, July 1 *. 



BOLAND : 


CENTENNIAL OF USE OF ETHER IN SURGERY 


271 


from the humblest, most unpromising origins. It has been thought by 
some that Long possessed but little education and training, which was 
true of most medical practitioners of a century ago. But such was not 
the case with Dr. Long. Judged by modern standards which require 
that animal experimentation should precede clinical application in 
medical studies, Long did not appear to be prepared to produce such 
a monumental discovery, but he did possess a trained background and 
keen intellect which enabled him to make careful observations and ap- 
preciate their significance. 

ANCESTRY AND 1‘REI'ARATIOX 

He was born in Danielsville, Madison County, Georgia, Nov. 1, 1815. 
His grandfather was Captain Samuel Long, Irish by birth, who 
emigrated to Pennsylvania in 1762, and settled in Carlisle, marry- 
ing Miss Williamson, of Ulster, Ireland. He served in the army of 
Washington, and at the Yorktown surrender Avas a captain in the com- 
mand of the Marquis de Lafayette. After the war, in 1792, Samuel Long 
moved to Madison County, Georgia, taking with him his 11-year-old 
son, James, avIio had been born in Carlisle. This James Long, father of 
Crawford, married Elizabeth Wave, a Virginia girl, whose parents were 
horn and reared in Albemarle County, Virginia, and had come to 
Georgia and settled in Madison County. She ivas an energetic, Avarm- 
hearted, ambitious Avoman, of refined taste and much literary ability. 
CraAvford’s father Avas a planter, and for years Avas clerk of the 
Supreme Court. He sat in the state senate for two terms and Avas the 
intimate and trusted friend of the Georgia statesman, William H. 
CraAvford, • avIio was successive^ United States senator, minister to 
France, secretary of the treasury, and candidate for President of the 
United States, in 1824, against John Quincy Adams, AndreAv Jackson, 
and Henry Clay. Dr. Long Avas named after William H. CraAvford and 
Captain Samuel Long’s wife. 

CraAvford attended the academy in his native town, and at the age of 
14 years entered Franklin College, uoav the University of Georgia, 
where he took the degree of master of arts, in 1835, at the age of 19 be- 
ing considered “studious and wise” beyond his years, and called “the 
Baby” at college because of his youth. He stood second in the gradu- 
ating class. Contemporaneous Avith him Avere several distinguished 
Georgians: General HoavcII Cobh; General Benning, of Columbus, after 
Avhom Fort Benning is named; Senator Hersehel V. Johnson; General 
Francis Bartow, of Savannah, who Avas killed at the First Battle of 
Manassas; and Senator A. 0. Bacon. His roommate and closest friend, 
however, Avas Alexander H. Stephens, who became vice-president of the 
Confederacy. It is remarkable that two college roommates should haA'e 
been chosen as the tAVo illustrious citizens to represent Georgia in the 
National Statuary Hall. I ndoubtedly the embryo physician must have 
received inspiration for his future success by his association with such 
men as these, as they must have felt the stimulation of contact Avith him. 
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T 1 HAS been said that medicine has advanced more in the last hundred 
-l years than in all other times combined. Such a statement, appears to 
lie particularly accurate in the year 1942, since the first surgical anes- 
thetic was administered just one hundred years ago, March 30, 1842. 
Then lollowed the epochal pioneer work of Pasteur, Lister, Koch, 
Roentgen, Hoisted, and others, which lias contributed so materially to- 
ward creating such an unparalleled hundred years in medicine. 

Disagreements over priorities in important discoveries in medicine 
and other sciences have led to discussions and sometimes heated argu- 
ments which have never ended and which will not end so long as there 
is a single supporter to champion the cause of any claimant. In no 
debate over priority of discovery in medicine has interest and feeling 
existed so intensely and so long as in the discovery of surgical anes- 
thesia. There seem to be two main reasons for this situation. If the 
discovery had been an ordinary one the matter would have been settled 
promptly and forgotten. But since the finding of means to make pain- 
less surgery possible was an achievement eagerly desired and sought 
throughout the centuries, and since no acquisition in medicine was more 
valuable, it was natural and human that any claimant to the immortal 
honor would press his demands vigorously, or have them so presented 
by his advocates. Another reason for the war of words and pamphlets 
which has existed over the discovery of anesthesia was the fact that all 
the contestants in the drama played their roles in a period of less than 
five years. If the different events had been distributed over longer 
time, and had most of the claimants not known one another and had not 
been brought into actual contact with one another, the violence of the 
controversy would have been less marked and sooner forgotten. 

It is not the purpose of the present paper to reopen the discussion, 
but to describe the part taken by one of the participants, Crawford 
Williamson Long, in commemoration of the centennial of his achieve- 
ment. As a matter of fact, the name of Crawford Long did not figure 
conspicuously in the famous “ether controversy.” The heated argu- 
ments were mainly between the New England contenders and their 
supporters, Horace Wells, of Hartford, and W. T. G. Morton and 
Charles T. Jackson, of Boston. 

One of the most frequently quoted axioms of Louis Pasteur reads, 
“In the realm of observation, chance only favors the mind prepared.” 

reparation had Crawford Long which led him by chance to make 
" j ^ se £ U i discovery? Many of the world’s greatest men have arisen 
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September 22, 1888, at Comfort, Texas, from injuries received in 
a railroad wreck. She lies buried with her husband in Oconee Hill 
Cemetery at Athens. Twelve children were born to this marriage; six 
grew to maturity. The last surviving child, Mrs. Eugenia Long Harper, 
died July 5, 1940. Two grandchildren are alive, and great- and great- 
great-grandchildren. 

It is interesting to note that for one year, in 1850-51, Dr. Long lived 
in the budding city of Atlanta, but he found it a rather rough railroad 
town, with so little promise that he moved to the classic city of Athens, 
where there were better advantages for educating his children. He 
continued to reside in Athens until the day of his death, June 16, 1878, 
after practicing medicine for nearly forty years. A recent writer said 
that Crawford Long “died in obscurity.” Nothing could be further 
from the truth. When he died the whole state mourned and greater 
tributes of praise were never showered upon a citizen of Georgia. 

EMINENT ON MANY COUNTS 

Even without being the first to use anesthesia, Dr. Long would be 
considered one of Georgia’s most distinguished physicians. At the un- 
veiling of the monument to his memory in 1912, in Jefferson, Dr. Woods 
Hutchinson said that Long was in many respects in advance of his day. 
He treated and cured consumption by food and fresh air, and he treated 
typhoid fever as it was treated in 1912. He operated several times suc- 
cessfully for cancer of the breast, always clearing the ribs and removing 
the axillary glands. He is said to have cured several cases of lockjaw 
and was especially skilled in the use of obstetrical forceps. 

Long was reared a Presbyterian, his father and paternal grandfather 
having been elders in the Presbyterian Church, but he joined the Meth- 
odist Church in order to lie with his wife. He considered slavery as 
God’s method of civilizing the African, and 'felt deeply the responsi- 
bility of having slaves to control and influence. Politically he was a 
Whig, and with his friend, Alexander H. Stephens, he opposed seces- 
sion, but like many other patriots, he “went with his state.” 

During the War Between the States he did not join the enlisted 
forces, but was appointed by the Confederate government in charge of 
the military hospital on the university campus at Athens, where he 
rendered valuable sendee. The Southern Cross of Honor was conferred 
upon him by the United Daughters of the Confederacy. 

All who knew him unite in declaring him a man of exceptional quali- 
ties of mind and soul. Dignified in manner, his whole appearance be- 
tokened culture and high character. He was sensitive, refined, and con- 
siderate of others, free from envy, malice, and uncharitableness. He 
maintained a slight reserve, except among intimates and congenial peo- 
ple. Cheerful in the sick room, he inspired his patients with confidence 
He was fond of Shakespeare and good music; he was tall and slender 
dressed in conventional black, always with frock coat, usually made by 
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Long taught for one year in the Daniclsville Academy, and after that 
hegan the study of medicine at Jefferson, Georgia, under Dr. Grant, 
ffc then took a medical course of one year at Transylvania College, at 
Lexington, Kentucky, which was the second medical school to be or- 
ganized in this country, Pennsylvania being the first. He reached this 
distant place by riding horseback over the mountains, with his rifle in 
his lap, because this section was still infested with Indians who often 
were on the warpath. 

In 1S37, he entered the medical department, of the University of 
Pennsylvania, which was then, as today, one of the leading medical 
schools of the world. Philip Syng Plivsick, pupil of John Hunter, and 
father of American surgery, died during Long's first course. William 
Gibson, pupil of Sir Charles Bell, succeeded Plivsick as professor of 
surgery. While traveling in Europe Plivsick had been present as a specta- 
tor at the battle of Waterloo, and was wounded by a stray bullet. He 
is said to have been the first man to tie the common iliac artery (1812). 
Nathaniel Chapman was professor of practice of physic and clinical 
medicine; George B. Wood taught materia medica; William E. Horner, 
discoverer of the tensor tarsi, was professor of anatomy; Hugh L. 
Hodge, who invented pessaries and obstetrical forceps, was professor of 
midwifery; and Robert Hare was the celebrated professor of chemistry. 
A medical student of this time could hardly have been taught by a 
more capable faculty. 

Receiving the degree of M.D. from Pennsylvania University in 1839, 
he next went to New York, where lie spent eighteen months “walking 
the hospitals.” The extent of postgraduate training offered by this 
course is not stated, but it was the best that could be obtained in the 
United States at this period. Among those whom he had opportunity 
to hear were Valentine Mott, Kearney Rogers, and Willard Parker. 
From filial duty young Long felt obliged to return home to practice. 
Had he elected to locate in New York or Philadelphia, as he once de- 
cided to do, and could have administered ether for the first time in 
such a large center, the question of priority in the discovery would not 


have arisen and have caused such acrimonious discussions. 

In 1811, at 26 years of age, Dr. Long settled in the little town of 
Jefferson, Jackson County, Georgia, buying out the practice of his old 
preceptor, Dr. Grant. He soon acquired a lucrative practice, which 
<r re w rapidly and extended into the neighboring counties and towns of 
Georgia. His house in the village became the favorite social resort for 
the young men of the vicinity, and it was here that the discovery of 

ether anesthesia was made, March 30. 1842. 

On August H, 1812, Dr. Long married Mary Caroline Swain, the 
•old daughter of a planter, George Swain, and the niece of Gov- 
lb-yeai- ^ North Carolina, who was afterward president of the 
ernor v> ^ Carolina. She was a lovely and intellectual woman, 

University o ^ ^ tiic jjf e partner of such a man, Mrs. Long died 
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assembled at night in the village of Jefferson, Ga., and the party requested 
me to prepare them some. X informed them that I had not the requisite 
apparatus for preparing or using the gus, hut that I had an article 
(sulphuric ether) which would produee equally exhilarating effects and was 
as safe. The company was anxious to witness its effects; the ether was 
produced, and all present in turn, inhaled. They were so much pleased with 
its effects that they afterwards frequently used it and induced others to use 
it, and the practice became quite fashionable in tlie county and some of the 
contiguous counties. On numerous occasions I inhaled the ether for its ex- 
hilarating properties and would frequently at some short time subsequently 
discover bruises or painful spots on my person which I had no recollection of 
causing and which I felt satisfied were received while under the influence of 
ether. I noticed my friends, while etherized, received falls and blows which 
X believed were sufficient to cause pain on a person not in a state of anes- 
thesia, and on questioning them they uniformly assured me they did not feel 
the least pain from these accidents. 

Observing these facts I was led to believe that anesthesia was produced 
by the inhalation of ether and that its use would be applicable in surgical 
operations. 

The first person to whom I administered ether in a surgical operation 
was Mr. James M. Venable, who then resided witliin two miles of Jefferson, 
and at the present time in Cobb County, Georgia. Mr. Venable consulted 
me on several occasions as to tlie propriety of removing two small tumors on 
the back part of lus neck, but would postpone from time to time having the 
operation performed from dread of pain. At length I mentioned to him the 
fact of my receiving bruises while under the influence of the vapor of ether, 
without suffering, and, as I knew him to be fond of and accustomed to inhale 
ether, I suggested to him the probability that the operation might be per- 
formed without pain, and suggested to him operating while he was under its 
influence. He consented to have one tumor removed, and the operation was 
performed the same evening. The ether was given to Mr. Venable on a towel 
and when fully under its influence, I extirpated the tumor. It was encysted 
and about one-half an inch in diameter. The patient continued to inhale 
ether during the time of the operation, and seemed incredulous until the 
tumor was shown to him. He gave no evidence of pain during the operation 
and assured me after it was over that he did not experience the least degree 
of pain from its performance. This operation was performed on March 30 
1842. 

The second operation I performed on a patient etherized was on the 
sixth of June, lS 42 t and was on the same person for the removal of the 
other tumor. This operation required more time than the first from the ev=t 
of tlie tumor having formed adhesions to the adjoining parts. The patient 
was insensible to pain during the operation until the last attachment of tlie 
cyst of the tumor was separated, when he exhibited signs of slight suffering, 
but asserted, after tlie operation was over, that the sensation of pain was so 
slight as scarcely to be perceived, fn this operation the inhalation of ether 
ceased before the first incision was made. Since that time 1 have invariably 
desired patients, when practicable, to continue tlie inhalation during the 
time of the operation. 

Having permitted such a time to elapse without making public my experi- 
ments in etherization [the author stated that these operations were made 
known to physicians and tlie people all about Jefferson and Athens at the 
time they occurred], in order to show the correctness of my statements I pro- 
- cured the certificate of the patient on whom the first operation was performed, 
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a Now ’l ork tailor; in short, he was a high-bred, scholarly, Christian 
gentleman. 


1IKKOKK ANESTHESIA 

In 1799, Sir Humphrey Davy, the English chemist, announced that 
the inhalation ot nitrous oxide gas would produce insensibility and had 
cured toothache, adding these significant words, “As nitrous oxide ap- 
pears capable of destroying pain it may probably be used with ad- 
vantage during surgical operations.” Here he stood upon the very 
threshold of the wonderful discovery, but Davy was not a medical man, 
and none was found progressive enough to carry out his suggestion. 

Sulphuric ether had been known for a long time as a chemical agent, 
but it was regarded as too dangerous to be used in medicine. Between 
the years 1795 and 1S39, however, different experimenters, such as 
Pareira and Faraday in England, Thomson in Scotland, and Godwin, 
Wood, and others in America, showed that the vapor of ether when 
inhaled would produce effects similar to those of nitrous oxide gas, such 
as exhilaration, excitement, laughter, crying, and insensibility, and 
would relieve the spasmodic disorders oi' colic, asthma, and whooping 
cough, and would cause insensibility to pain. And yet no one had the 
courage to employ ether in surgery or obstetrics. As late as 1839, 
Velpeau, the famous French surgeon, declared, “To escape pain in 
surgical operations is a chimera which we are not permitted to look for 
in our day.” 

During the first half of the nineteenth century there was an odd class 
of persons who traveled about the country, first in England and later 
in the United States, lecturing in public on chemistry. One of the 
features of the program was to invite certain members of the audience 
upon the stage to inhale nitrous oxide or ether vapor “for the purpose 
of provoking exhilaration, excitement, semiconscious gyrations, and 
mirth-producing antics for the amusement of the spectators.” This 
first began with the use of nitrous oxide, but soon ether became the 
favorite for the reason that it was more easily manipulated. From these 
strange entertainments evolved the so-called ether parties, or “frolics,” 
which became popular throughout the country. 

Here it is appropriate to insert Dr. Long’s own account of how he 
came to give the first anesthetic for a surgical operation, describing his 
first cases. This statement was read before the Medical Association of 
Georgia, in 1852. 

FIRST OPERATION WITH ETHER 


In the Southern Medical and Surgical Journal for December, 1849, I 
cented an account of what I considered the tirst use of ether by inhalation 
PICS \ anesthetic agent in surgical operations; a summary of which I will 
aS an d to read to the Medical Association of Georgia. 

procee ‘ stating the first operation performed by me with ether, I will 

Previous re;igons which induced me to make experiments in etheriza- 
brieflv g"’® ^ December, 1S41, or January, 1842, the subject of tbe 

tion. In * L ' ie n \ oxide gas was introduced in a company of young men 
inhalation of nitrous - 
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These were all the surgical operations performed by me in the year 1842 
upon patients etherized, no other cases occurring in which I believed the in- 
halation of ether applicable. Since 1842 I have performed one or more 
operations, annually, on patients in a state of etherization. I procured some 
certificates in regard to these operations, but not with the same particularity 
as in regard to the first operations, my sole object being to establish my 
claim to priority of discovery of the power of ether to produce anesthesia. 
However, these certificates can be examined. 

The reason which influenced me in not publishing earlier, I was anxious 
before making my publication to try etherization in a sufficient number of 
cases to fully satisfy my mind that anesthesia was produced by the ether and 
was not the effect of the imagination, or owing to any peculiar insuscepti- 
bility to pain in the persons experimented on. 

At the time I was experimenting with ether, there were physicians "high 
in authority” who were the advocates of "mesmerism,” and recommended 
the induction of the mesmeric state as adequate to prevent pain in surgical 
operations. Not withstanding thus sanctioned, I was an unbeliever in the 
"science,” and was of the opinion that if the mesmeric state could be pro- 
duced at all, it was only on those of strong imagination and weak minds, and 
was to be ascribed solely to the working of the patient’s imagination. Enter- 
taining this opinion, I was the more particular in my experiments in etheri- 
zation. 

Surgical operations are not of frequent occurrence in a country practice, 
and especially in the practice of a young physician; yet I was fortunate 
enough to meet with two cases in which I could satisfactorily test the anes- 
thetic powers of ether. From one of these patients I removed three tumors 
the same day; the inhalation of ether was used only in the second operation 
and was effectual in preventing pain, while the patient suffered severely from 
the extirpation of the other two tumors. 

In another case I amputated two fingers of a negro boy; the boy being 

etherized during the operation as to one finger and not during the other 

he suffered during the operation as to one finger and not during the other. 
After fully satisfying myself of the power of ether to produce anesthesia, 
I was desirous of administering it in a severer surgical operation than any I 
had performed. In my practice prior to the published account of the use of 
ether as an anesthetic I had no opportunity of experimenting with it in a 
capital operation, my cases being confined, with one exception, to excising 
small tumors and the amputation of fingers and toes. While cautiously ex- 
perimenting with ether as eases occurred, with the view of testing its anes- 
thetic. powers and its applicability to severe as well as minor surgical opera- 
tions, others, more favorably situated, engaged in similar experiments and 
consequently the publication of etherization did not "hide my time.” X 
know that X deferred the publication too long to receive any honor from the 
priority of the discovery, but having by the persuasion of friends presented 
mv claims before the profession, I prefer that its correctness be fully in- 
vestigated before the medical society. Should the society say that the claim 
though well founded, is forfeited by not being presented earlier, I will cheer- 
fully respond: "Wo mote it be,” 

Not wishing to intrude upon the time of the association, I have made this 
slvort compendium of all the material points stated in my article in the .Tour- 
mil; and if the society wishes any further information on the subject I will 
eheerfulK comply with their wishes. 


(Sty tied) C. W. Long. M/D. 
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the ceititirutos ot two who were piesent iit the time ot the opieration, and 
also of his mother, hiotheis and sisteis and a number of his immediate 
friends who heard him speak of the opeiations soon after they were per 
formed. 
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_ .po, trait of oil painting of Crawford W. Long by Lewis Gregg. 
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THE FACTS CERTIFIED 

mi Southern Medical and Suigical Journal of 1849, December, contained 
ilie ° f cer tifieates. I hate a number of otheis which may be seen or 
but two ° ed by the association. 

lead, if ‘ nemro boy who had a disease of tlie toe which 

My j llild mrtsdion necessary, and the operation was p-* '- 1 T ”’-' * 

rendered amputa cmg the slightest degiee of pai: 

1ia o without the bo> evi 
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operation, having been performed that he wuulA not believe the tumor was re- 
moved until it was shown him. 

( Signed ) E. S. Bawls, 1£.D. 

('Stcorn, to and subscribed, before me this second 
of November, 1853 ) E, L. Newton, J.J.C. 

The opponents of Long’s claim to priority in the use of anesthesia 
say that he kept his discovery a secret and that he, therefore, deserved 
no credit for it. The next two certificates from Dr. de la Perriere and 
Dr. Carlton, prominent physicians of the community, show that Long’s 
work was well known to citizens of the town of Jefferson and neighbor- 
ing places, particularly Athens, the center of learning in Georgia; that 
it was considered a remarkable discovery by the populace, and that these 
doctors knew of it and realized its importance : 

Georgia, Jackson County. 

X, Ange de la Perriere, ALU., do certify that* I resided in Jefferson County, 
Georgia, in the year 1812, and that sometime in that year I heard James M. 
Venable, then of said county, speak of Dv. C. XV. Long’s cutting off two 
tumors from his neck while under the influence of the inhalation of sulphuric 
ether, without pain or being conscious of the performance of the operation. 

I do further certify that the fact of Dr. C. VST. Long using sulphuric ether 
by inhalation to prevent pain in surgical operations was frequently spoken 
of and notorious to the county of Jackson, Georgia, in the year of 28-12. 

A. de la Perriere, M.D. 

(Sworn to and subscribed before me this thirtieth 
of March, 1851) N. H. Pendergrass, J.P. 

Athens, Clarke Co., Georgia. 

I, the undersigned, do certify that in Alay, 1813, I assisted Dr. R. D. 
Moore in amputating the leg of a colored boy Augustus, then the property 
of Mr. IV m. Stroud, who resided in this county; and that I distinctly recollect 
bearing Dr. B. D. Aloore say, “If I bad thought of it before leaving home I 
would have tried Dr. C. W. Long’s great discovery, namely the administra- 
tion of sulphuric ether as an anesthetic in performing the operation.’’ Hav- 
ing neglected to bring the ether, Dr. Aloore finally concluded to influence 
the patient with morphia; under which influence the operation was per- 
formed. 

Jos. B. Carlton, Al.D. 

Many other certificates could he offered to prove these faets hut 
these seem sufficient for the present narrative. The original copies of 
all the documents, affidavits, etc., are now in possession of the Smith- 
sonian Institute, in Washington, D. C. Many distinguished surgeons 
and other writers have contributed articles on Long’s discovery of anes- 
thesia. Among these are J. Marion Sims, Hugh H. Youim John 
Chalmers da Costa, Dudley W, Buxton, the English anesthetist^ Joseph 
Jacobs, Long’s young office boy, and others. The most complete account 
is given in Mrs. Taylor’s work. 

If the statements of Crawford Long's daughters are authentic his 
use of anesthesia in obstetrics preceded by two years its employment bv 
Sir James 1 . Simpson. Mrs. Harper, in a signed letter to the writer. 
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Following the 
Transactions, pp. 


reading of the foregoing paper the Association (See 
ll-Mlt) unanimously passed the following resolution: 


Resolved, That this society i.s of the opinion flint Dr. Crawford W. Long 
was thu first person who used sulphuric other as an anesthetic in operations, 
and as an act of justice to him individually and to the honor of the profes- 
sion of our own state, we most earnestly recommend him to present at once 
his claims to priority in the use of (his most important agent to the con- 
sideration of the American .Medical Association at its next meeting, Dr. 
DieluiiMin, J)r. Cooper, L)r, S. X. Harris, committee. 


Mr. A enable’s story of the first anesthetic is 
affidavit: 


given in the following 


T, .Tames M. \ enable, of the county of Cobb and state of Georgia, on 
oatii depose and say, that in IS 12 I resided at my mother’s in Jackson 
County, about two miles from the village of Jefferson, and attended the 
village academy that year. 

In the early part of the year the young men of Jefferson and the country 
adjoining woie in the habit of inhaling ether for its exhilarating powers, and 
I inhaled it frequently for that purpose, and was very fond of its use. 

While attending the academy I was frequently in the office of Dr. C. W. 
Long, and having two tumors on the back of my neck, I several times spoke 
to him about the propriety of cutting them out, but postponed the operation 
from time to time. On one occasion we had some conversation about the 
probability that the tumors might be cut out while I was under the influence 
of sulphuric other, without my experiencing pain, ami he proposed operating 
on me while under its influence. 

I agreed to have one tumor cut out and had the operation performed that 
evening after school was dismissed. This was in the early part of the spring 
of 1842. 

I commenced inhaling the ether before the operation was commenced and 
continued it until the operation was over. I did not believe the tumor was 
removed until it was shown to me. 

A month or two after this time, Dr. C. W. Long cut out the other tumor, 
situated on the same side of my neck. In this operation I did not feel the 
least pain until the last cut was made, when I felt a little pain. In this 
operation I stopped inhaling the ether before the operation was finished. 

I inhaled the ether in both cases, from a towel, Which was the common 
method of taking it. 

James AC. Venable. 

(Sworn to before me) Alfred Manes, J.P. 

This operation was done in the presence of four witnesses, James E. 
Hayes, A. T. Thurmond, W. H. Thurmond, principal of the academy, 
and Edmond S. Eawls, the last of whom testifies as follows. 

I Edmond S. Rawls, of Rome, Floyd Co., Ga., on oath depose and say that 
__ ’ one occasion during that year (1S42) I was present with James M. 

011 . j e ia t ], e office of Dr. C. IV. Long, in Jefferson, Jackson Co., Ga., and 

• n!l 1 Dr C W. Long cut out a tumor from the side of neck of J. M. 
witnesser • • y ena ble was fully under the effects of the vapor sulphuric 
Venable " 11 e ‘ a tmve i ; and without his exhibiting the least symptoms of 
ether inhaled. ^ operation. J. M. Venable was so unconscious of the 
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until December, 1819, three years after the universal publication and 
adoption of the method. While it is true that Long did not publish his 
work in a periodical until this date, from the very first he made no 
secret of the discovery ; he always operated in the presence of witnesses, 
and encouraged publicity by public discussion and by urging the use 
of ether by other physicians, so that it was known over a wide section of 
country. The nearest hospital, medical journal, and railroad were at 
Augusta, 140 miles away, and the nearest newspaper, a weekly, was at 
Athens, 20 miles away. 

Crawford Long has been honored in many ways besides those already 
mentioned. Various bodies of medical men have adopted resolutions ex- 
pressing the belief that he is entitled to be called the discoverer of anes- 
thesia. The Southern Medical Association passed such a resolution in 
1922. In 1878, Marion Sims presented the state of Georgia with a heroic 
size oil painting to he hung in the State Capitol. In 1912, the University 
of Pennsylvania unveiled a medallion to perpetuate the memory of its 
illustrious alumnus. The same year Dr. (afterwards Governor) L. G. 
Hardman, of Commerce, Georgia, gave to the town of Jefferson a marble 
shaft commemorating the deed of its former citizen, and in 1921, a re- 
duplication of the beautiful medallion at the University of Pennsylvania 
was placed on the campus of the University of Georgia by Dr. Joseph 
Jacobs, an alumnus of the institution. 

The best portrait of Long is the one painted by Lewis Gregg for 
Alumni Hall at the University of Georgia. The state of Georgia has 
erected at Danielsville, Long’s birthplace, a replica of the statue in 
Statuary Hall. In 1931, the name of the Davis-Fischer Sanitarium was 
changed to the Crawford Long Memorial Hospital, the largest private 
hospital in Atlanta. Every year on March 30, exercises commemorate 
the discovery of anesthesia as “Crawford Long Day” at the University 
of Georgia. In 1940, the L'nited States Post Office issued a postage stamp 
hearing a portrait of Dv. Long. The first sale of this stamp was made the 
occasion of a memorable celebration at Jefferson, Georgia, April 8, 1940, 
when Postmaster General James A. Farley presented the first sheet of 
stamps to Mrs. Eugenia Long Harper. Dr. Long’s sole surviving child. 
On the Centennial day of Long’s discovery, March 30, 1942, an admirable 
play based on the subject was presented in Atlanta and later given in 
Augusta at the meeting of the Medical Association of Georgia. 
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deviated that she and other niemhers of the family had often lieard their 
mother say that Dr. Lon*,' administered ether to her at the birth of her 
second child, who was Mrs. Frances Long Taylor, horn Dec. 17, 1845. 
the family Bible corroborates this date. This important date in the 
history of anesthesia was not published until after Mis. Taylor’s death. 
She could have given it as an addition to her father’s claim to fame, 
hut in so doing she would dhulge her age, which the proud lady was 
loath to do. 



It has been charged that Long used ether anesthesia only a few times 
and then abandoned it. In a letter written in 1921, Mrs. Taylor stated 
that the complete records of her father’s operations under ether were 
lost in 1908, but that at the time she wrote there were living witnesses 
or their descendents in and around Athens who testified that Dr. Long 
used ether continuously up to the very day of his death. From memory 
Airs Taylor named fifteen occasions in which ether was employed as 
an anesthetic, five times in difficult obstetrical cases. The other ten 
cases included eight breast amputations, one amputation of the leg, and 
operation for cancer of the groin. In the breast amputations it is 
’ d that the axillary glands were removed and the ribs "scraped.” 
c airne wrotc that there were many "minor” operations under 

i , esthesia which weie not recorded, 
ether an argumellt used against Crawford Long as the discoverer 

™ 16 ? \ jn.ooin is that he made no publication of his experiments 
of surgical anesuwsm 
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The average age is 40.2 years with 47.3 per cent occurring between the 
acres of 20 and 40 and 47.3 per cent occurring after the age of 40. Two 
eases were under 20 years of age. This in itself tends to segregate the 
condition from the more common condition of multiple diverticulosis 
and diverticulitis of the colon which occurs almost exclusively after the 
age of 40. 





Fig. 1. — The three most common locations of solitary diverticula of the cecum. 

The history obtained from a patient with acute diverticulitis of the 
cecum is very often a typical history for acute appendicitis. Thirty- 
one and five-tenths per cent of the cases gave a story of epigastric or 
generalized abdominal pain at the onset with subsequent localization 
in the right lower quadrant. The duration of pain prior to admission 
was twenty-four hours or less in 31.5 per cent of the cases, while 55.2 
per cent gave a history of pain from one to three days in duration. The 
patients in 100 per cent of the cases complained of right lower quadrant 
pain, usually cramping in character. Patients in 44.7 per cent of the 
cases complained of nausea, while in 26.3 per eent of the eases, vomiting 
was present. 

Examination of the abdomen revealed right lower quadrant tender- 
ness to he present in 97.3 per eent of the cases with associated muscle 
spasm in S1.5 per cent. A right lower quadrant mass was detected in 
26.3 per eent of the patients. The temperatures varied from 98.6 to 
102° F., with an average of 99 6. White blood count varied from 6,000 
to 22,500 with an average of 12,700. Patients in 23.6 per eent of the 
eases gave a history of one or more previous attacks. 



ACUTE DlYEliTICULITLS OP THE CECUM 


Edward Schnuo, M.D., C'ixcjxxati, Ohio 

(l< rom the Department of Surgery, College of Medicine, University of 
Cincinnati, and the Cincinnati General Hospital) 


j~~\ UIvT'vG Che past several years wo have encountered six eases of 
acute diverticulitis of the cecum. In reviewing the literature one 
is amazed to find so few reported eases of the condition. The first ease 


was reported by Paticr in 1912, and since then only thirty-one addi- 
tional eases have appeared in the literature. It is also surprising to find 
that t he standard textbooks of surgery do not mention the condition. 

A complete statistical review of the reported eases has not appeared 
in the literature to date. Because of the marked similarity in the clinical 
pictures of appendicitis and diverticulitis of the cecum, the apparent 
difficulty in recognizing the condition at the operating table, and the 
lack of standardization in treatment of the condition, we felt that a 
complete analytical study of the disease was indicated. 

Diverticula occur throughout the gastrointestinal tract and are found 
most frequently in the colon. Diverticula of the colon are classified 
as the true or congenital and the false or acquired types. The congenital 
or true type is probably a developmental anomaly falling into the same 
class as a Meckel’s diverticulum. The wait of the true diverticulum 
contains all the layers of the normal intestinal coat. The false or 
acquired diverticulum Is believed by most writers to be formed as a 
result of a localized area of weakness in the intestinal wall, combined 
with a tendency toward constipation and an increased intraeclotfie 
pressure. The false diverticula show the absence of one or move mus- 
cular layers. True diverticula are almost always found in the region 
of the cecum and are characteristically single. (See Pig. 1.) False 
diverticula are almost always multiple and are found most frequently 
in the rectosigmoid region ; they show a decreased incidence from left to 
right. Both the true and the false diverticula arc often asymptomatic, 
but with the onset of acute inflammation they give rise to acute abdomi- 
nal signs and symptoms. Tims, true solitary diverticula of the cecum 
may give rise to acute signs and symptoms in the right lower quadrant. 

The thirty-two reported cases of acute diverticulitis of the cecum, 
together with the six cases treated in our clinic make up the series for 
the study in this communication. We realize the number of cases is 
c-c v.-ilv small but we do feel that a statistical study of the series 
does bring out several pertinent points. 

. . diverticulitis of the cecum occurs with almost equal frequency 

, 1 . oavfU1 w »th 57.S per cent of the eases present in females, 
in the two sexes " 
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diagnosed clinically and treated conservatively. The patient made an 
uncomplicated recovery and the cecal di\ evtieuUun was mealed in a 
follow-up barium enema. The tissue mas studied in those cases in iihich 
an excision and closure or resection was done and all the specimens 
showed an acute inflammation in the wall of the diverticulum. Some 
contained feealiths hut many did not. Follow-up barium enemas were 
done in thirteen of the eases Nine of the eases showed normal colons ; 
two showed the diverticulum of the ceeum and two showed multiple 
diverticula of the left colon. 

In this series of thirty-eight cases there were two deaths, giving a 
mortality rate of 5.26 per cent, which is much better than one would 
expect when thirteen of the eases were subjected to a radical resection 
and anastomoses. One of the deaths occurred in a patient who was 
subjected to a resection and anastomosis The other death occurred in 
one of the patients in whom only diainage had been instituted 

CASE REPORTS 

Case 1. — D G , a 59 vear old wlnte man was admitted to the hospital, on April 
S, 1929 Eight hours before admission the patient dev eloped cramping right lowei 
quadrant pain which peisisted and increased m seventv. He had no nausea or 
i onutmg and Ins bowels moved normalh the dav of the onset. Xo history of 
previous similar attacks was obtained. 

Positive findings on examination were limited to the abdomen There was 
moderate right lower quadrant tenderness with no niu*Ue spasm or rebound tender 
ness Xo mass was palpable. Rectal examination was not recorded; temperature 
was 98 6° E. ; W. B C, 9,5>00 ; urine, negative The preopeiative diagnosis was 
acute appendicitis 

The patient was explored through a McBurnev incision and the cecum was found 
involved with a hard indurated mass. The le'ion was diagnosed as a carcinoma of 
the cecum A right rectus incision was made and a right colectomv and ileotrans 
verse colostomv was performed. The patient made an uneventful recover). Patlio 
logic studies of the specimen revealed the lesion to be an acutelv inflamed divei 
tnuluin of the cecum with an associated typhlitis Xo evidence of carcinoma 
was found m the sections. 

Cvse 2 — A white man, aged 30 veur=, was admitted to the hospital on Oct. 25. 
1‘M" Two weeks before admission this patient had an attack of upper abdominal 
pain associated with nausea The attack lasted onh two hours and was not asso 
nated with right lower quadrant pun or vomiting. Four davs before admission the 
patient developed a similar crampv upper abdominal pain which the night before 
admission shifted to the right lower quadrant. Xamca was present but the patient 
did not vomit He was somewhat constipated and took a cathartic the da\ before 
admission The patient denied anv previous similar attacks 

Exanunittun revealed nothing remarkable other than the abdominal and rectal 
findings ’flu re w is slight fullness m the right lower quadrant with a suggestion 
of a miss in the right iliac fossa Tenderness was. moderate in the right lower 
qti ulrant ussmiatul with some spism In addition there was definite rebound 
tenderness and pain on toughing both referred to the right lower quadrant. Rectal 
examin itiou revealed moderate tenderness high on the rmht; \V. B C ISoOO 
urme negative ; and temperature. 9S 0° F. The preoperative diagnosis was acute 
appendicitis. 
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A preoperalive diagnosis of nettle appendicitis was made in 68J per 
eent ol! the eases. This is, ol course, I he logical diagnosis in a patient 
\m! 1\ such a history and such clinical /hidings. A comparison of the 
pertinent points in 1 lit* history ami /hidings in acute diverticulitis of 
the cecum to those in upjwndieil is as compiled by Reid, Reef, and Jlerrel! 
reveals the striking similarity of the clinical picture in the two condi- 
tions (Table I). In one ease the correct diagnosis of acute divertic- 
ulitis of the cecum was made before operation. A diagnosis of appendical 
abscess was made in four eases and the remainder of the diagnoses in- 
cluded intestinal obstruction, abscess of unknown etiology, etc. In none 
of the eases was a diagnosis of carcinoma of the cecum made preo itera- 
tively. 

Taui.e I 


Com caiusox or tub F/.vdi.vos is Acute Diviaincuuns of tub Cecum 
a.\i> Accra Apwsxdicitis 



ACUTE 

APPENDICITIS 

ACUTE 

pivniTicuums 

Sox 

110% Stale 

37.S% Female 

Ago 1 1 to 30 inclusive 

0S% 

2 under 40 
47.3% (M-40) 
47.3% o\er 40 

Typical history of acute appendicitis 

• 73 % 

31.5 % 

Nausea 

7S% 

44.7% 

Vomiting 

73% 

2(5.3% 

Pain 

94 % 

100.0% 

W.B.C. (Average) 

17,200 

12,700 

Temperature (Average) 

100.0° F. 

0!).6° F, 


The diagnosis of the condition at the operating table with the path- 
ology exposed is often quite difficult. In 63.4 per cent, of the cases the 
condition was recognized after the abdomen had been opened. 

Five of the eases were diagnosed carcinoma of the cecum; three, 
tuberculosis of the cecum ; two, benign ulcer of the cecum, and in three 
the interpretation of the lesion at the operating table was not recorded. 
The lesion is most frequently located on the lateral and anterior aspect 
of the cecum, but did occur on the medial or posterior aspect of the 
cecum as well. The condition often develops into a large, firm, indurated 
mass involving the cecum, which does appear not unlike a malignant 
lesion. This similarity to carcinoma in gross appearance at least partly 
explains the high percentage of cases in which radical methods of treat- 
ment were used. Patients in 34.2 per cent, of the 37 cases operated upon 
had a right colectomy and ileoeolostomy performed upon them. Subse- 
quent pathologic studies of the specimens revealed an inflamed diver- 
ticulum of the cecum with an associated typhlitis and pericecal inflam- 
matory mass. . , 

T 50 6 per cent of the cases the condition was recognized and an 
n . ~ q1 , t{ie diverticulum was clone. In three cases the condition was 
excision undisturbed and an appendectomy was done. In 

recognizee a on e. In one instance the condition was 

one case drainage om;- 
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He was seen oue month later and was free of symptoms. A follow-up barium 
enema revealed a normal colon. 

Case 5.— AL D., a wldte woman, 66 years of age, was admitted to the hospital 
on July 12, 1910, complaining of abdominal pain. Twenty-four hours before admis- 
sion the patient developed a cramping right lower quadrant pain which persisted 
and gradually increased in severity. There was associated anorexia but no nausea 
or vomiting. The day of the onset the patient noted constipation and she had 
no bowel movement the day of admission. She had had a similar attack three years 
before. 

Examination revealed a blood pressure of 160/91. There were occasional coarse 
rhonchi throughout the lung fields. The abdomen was obese and there was diffuse 
tenderness and muscle spasm in the right lower quadrant. Xo mass was palpable 
and there was no rebound tenderness. Pelvic and rectal examinationes revealed no 
masses or tenderness. Temperature was 100.0° F.; W.B.C., 9,500; urine showed 1+ 
albumin. The preoperative diagnosis was acute appendicitis. 

The patient was explored through a If (-Burney incision and the cecum was found 
involved in an inflamed mass of omentum and fibrinous adhesions. A pericecal 
abscess was found which was drained with cigarette drains and the wound was 
closed loosely. The appendix appeared normal and thus was not disturbed. 

The patient had a stormy postoperative course, developing cardiac asthma and 
pneumonia. In spite of all supportive therapy she died on the fourteenth post- 
operative day. 

An autopsy was obtained, which revealed the inflammatory- process in the diver- 
ticulum and surrounding cecum to have subsided completely. The death was 
attributed to a bilateral pneumonia and cardiae failure. 

Case G. — IV. JI., a white man, aged 47 years, was admitted to the hospital on 
April 4, 1941, with a complaint of abdominal pain. Twenty-eight hours before ad- 
mission he noted for the first time a generalized abdominal pain in both lower 
quadrants which became localized to the right lower quadrant eight hours before 
admission. He complained of no nausea or vomiting and his bowels had moved 
normally. The patient denied any previous similar attacks. 

The positive findings on examination were limited to the abdomen, which was 
normal in contour. There was moderate tenderness and slight muscle spasm in the 
right lower quadrant, fairly well localized to McBurney '.s region. There was also 
local and referred rebound teuderness to that region. Xo mass was palpable 
and peristalsis was active. Rectal examination was negative; temperature, 99.0° F. ; 
1V.B.C., 12,700; and urine negative. The preoperative diagnosis was acute ap- 
pendicitis. * 

The patient was operated upon through a McBurney incision and an acutely in- 
flamed diverticulum was found on the lateral wall of the cecum. A normal appendix 
was found which was removed. The diverticulum was left undisturbed and the 
McBurney incision was closed without drainage. The patient’s postoperative course 
was uneventful and he was discharged from the hospital free of symptoms and in 
good condition. A follow-up barium enema was not done. 

COMMENT 

Concerning the treatment of acute cecal diverticulitis it is obvious 
that a resection and anastomosis is an unnecessary radical procedure 
which is done as a result of a mistake in diagnosis at the operating table. 
One must admit that recognition of the condition is often very difficult 
hut there are several definite aids in making the diagnosis. 
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Tho Patient was operated upon through a McBurncy incision and on the 
anterior cecal wall •> cm. above the ileocecal junction an indurated, inflammatory 
mass 2 by 2 cm. wits found. The mass was carefully dissected free from the bowel 
until n small node was exposed which communicated with the lumen of the bowel. 
I he muss tvns excised and (he remaining defect was closed with purse-string sutures, 
i’iio appendix was removed. The inverted area of tho cecal wall was marsupialized 
and a protective wide was placed down to the area and the wound closed loosely. 
Pathologic studies revealed an acute inflammatory reaction in the wall of the 
diverticulum. 

Tho patient's postoperative course was uneventful and he was discharged on 
his thirteenth postoperative day. Jlu was seen in the follow-up clinic and was 
entirely symptom free. A checkup barium enema was negative. 


Case 3. — IL 33., a white man, aged 31 years, wan admitted to the hospital Dec. 
•1, 1037. Ife gave si history of a vague left abdominal pain beginning twenty-four 
hours previously. The pain tended to subside and he slept well the night before 
admission, but when he awoke the next morning lie had a catching rigid lower 
quadrant pain. The pain was exaggerated by walking and straightening up. He 
was nauseated but did not vomit and gave a history of constipation preceding the 
attack. A cathartic was taken the morning of admission and his bowels moved 
twice witiiout exaggeration of the pain. There was no history of previous attacks. 

Physical examination revealed slight injection of nasal mucous membranes and 
slight redness of the pharynx. The abdomen was of normal contour. There was 
moderate tender ness hi the right lower quadrant without muscle spasm. No re- 
bound tenderness or masses were found and the rectal examination was negative. 
Temperature was 99.0° P. ; IV. B. C., 35,200; urine completely negative. 

The preoperative diagnosis of acute appendicitis and acute pharyngitis and coryza 
was made. 

The patient was operated upon through a McBumey incision and 2 cm. above the 
appendix on the anterior cecal wall an inflamed, indurated mass lVi cm. in diameter 
was found. The neck was dissected out, ligated, tho mass excised, and the stump 
inverted with a purse-string suture. The appendix was also removed. Pathologic 
studies of the specimen revealed the lesion to be an acutely inflamed diverticulum 
of the cecum with an associated typhlitis. 

Postoperative!}- the patient did very well and was discharged on the tenth post- 
operative day. Ho was seen in the follow-up clinic two months later and was free 
of symptoms. A checkup barium enema was done, which was entirely negative. 


Case 4. — H. G., a colored man, aged 29 years, was admitted to tho hospital on 
July 19, 193S. He gave a history of the onset of acute upper abdominal pain twenty- 
four hours previously, which subsided. Seven hours before admission a cramping 
right -lower quadrant pain appeared, which persisted and increased in severity. The 
pain, was increased by coughing and by movement. There was no associated nausea, 
vomiting, or constipation. The patient denied any previous similar attacks. 

Positive findings on examination were limited to the abdomen. The abdomen 
normal in contour. There was moderate tenderness and muscle spasm in the 
lower quadrant most marked just lateral to JfcBurney's point. Definite 


right 


Peristalsis 


1 and referred rebound tenderness to the area mentioned was present, 
as normal- rectal examination, negative; temperature, 99.4 ° F.; W.B.O., 12,700; 
w S . ' rative. The preoperative diagnosis was acute appendicitis, 

and urine, , n. ^ ^ operated upon and an acutely inflamed diverticulum was found 
Tim P a ’ e ‘ ^ o £ C eeum. The diverticulum was excised and tho defect 
on the pos erior “ a normal appendix was removed. The ATcBurney wound was 
closed- In a ' 10 ' ' t j ie patient made an uneventful recovery-. Pathologic 

closed without tenna,, inflammatory reaction in tho wall of the diverticulum. 


studies rev 


i-ealed an 
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SURGERY 


The majority of the eases occur in patients under the age of 40 and 
give a fairly characteristic history which closely simulates the history 
of acute appendicitis. One-third of the patients have had previous 
attacks. In those cases which have developed large inflammatory masses 
palpation of the cecal wall adjacent to the mass through the opposing 
wall frequently reveals the mouth of the diverticulum which establishes 
the diagnosis. In many of the eases the reaction is not so extensive and 
the acutely inflamed diverticulum is easily recognized. However, even 
in the simple acutely inflamed diverticula there is usually an associated 
indurated inflammatory reaction in the adjacent cecal wall. This makes 
the excision of these lesions difficult and the closure of the defect very 
difficult and usually insecure. The technical difficulty encountered in 
removing these lesions and obtaining a secure closure together with the 
definite tendency for them to drain into the bowel and subside makes us 
feel that surgical removal either by the radical procedure or by local 
excision is definitely contraindicated in most cases. 


CONCLUSIONS 

1. Acute diverticulitis of the cecum is a condition which cannot be 
differentiated clinically from acute appendicitis and as a result must 
occasionally be coped with when operating for acute appendicitis. 

2. In the majority of cases, symptoms developed in the patients, 
under 40 years of age. 

3. Diverticula of the cecum are characteristically solitary diverticula 
and are of the true type. 

4. When acutely' inflamed they' show varying degrees of reaction from 
a simple acutely' inflamed cecal out-pouching to the development of a 
large indurated inflammatory cecal and pericecal mass. 

5. Acute diverticulitis of the cecum should be considered in any' pa- 
tient with acute right lower quadrant symptoms and signs, who pre- 
viously has had an appendectomy. 

6. If a clinical diagnosis of the condition can be made conservative, 
treatment along with chemotherapy should be instituted. 

7. A radical excision of the mass by' resection and anastomosis is 
definitely not indicated. A local excision and closure of the defect 
in most cases is probably not advisable. Except in those cases which 
have developed an abscess and in which drainage is indicated, the abdo- 
men should be closed without doing an appendectomy and without drain- 
age and chemotherapy should be instituted. This is particularly true 
when an open mouth to the diverticulum can be palpated. 
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SYNOVIAL SARCOMA WITH REPORT OP TWO CASES 
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r T'TIE subject of synovial sarcoma abounds in discrepancies and 
A presents a great deal of confusion, particularly when reviewing the 
literature pertaining to this group of tumors. For example, in reading 
the bibliographies accompanying monographs dealing with synovial 
sarcomas, one is struck with the varying histologic standards employed 
in tabulating the reported eases. As far back as 1894, Salter and Hardie 
reported a case of primary sarcoma of the synovial membrane of the 
knee joint in a 25-year-old male patient, and designated the tumor a 
spindle-cell sarcoma. Yet, this ease is rarely referred to in the more 
recent bibliographies dealing with this subject. The same holds true 
in the case of Lockwood rei>orted in the Transactions of the London 
Surgical Society in 1902 under the histologic diagnosis of spindle-cell 
sarcoma, and the one by Turner in the same year which was designated 
mixed-cell sarcoma involving the synovial membrane of the ankle joint. 

As one commences a review of this group of malignant tumors in- 
volving the extremities, one is at first startled to learn what an ex- 
ceedingly small percentage of cases it comprises. Yet, a more careful 
study of the literature leads one to suspect that the paucity of available 
case reports is more apparent than real. 

To explain this discrepancy, one must remember that synovial mem- 
branes of joints, bursae and tendons consist of a lining stratum com- 
posed of specialized connective tissue cells and an underlying layer 
of fibrocytes. It is quite possible that the variation in histologic features 
presented may, in a great measure, be due to the point of origin of the 
tumor in the synovial membrane. Thus, a tumor arising directly from 
the lining stratum will present the characteristic features of clefts lined 
with characteristic polyhedral cells, which have been so ably described by 
Knox, Berger, and DeSanto and associates. On the other hand, a tumor 
arising from the deep fibrocytie layer will probably present spindle 
cell characteristics, thereby accounting for the designation of spindle- 
cell sarcoma of synovial membrane. Another possible explanation of the 
divergence of designations attributed to these tumors as a result of 
varying histologic features may be that, as a result of metaplastic 
cliaimes occurring in the tumor cells by virtue of their location in 
joints bursae and tendon sheaths, the cells may take on forms some- 
what different from those originally presented, and thus give rise to 
tlm variation in nomenclature. Whatever the case may be, it appears 
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that the disease is far move prevalent than one is led to believe hr 
a casual survey of the existing literature. 

The earliest reported ease of synovial sarcoma, according to Knox, 
was that of v. Ruediger Rydygier in 1906, which concerned a tumor 
involving the knee joint in a 20-year-old girl. A personal survey of the 
literature, however, disclosed the fact that as far hack as lb94, bailer 
and ITardie reported a ease of spindle-eel! sarcoma of the synovial 
membrane of the left knee joint in a 2:i-year-old male patient. Ante- 
dating the report of Rydygier by four years are two ease reports, one 
by Lockwood, which he designated spindle-cell sarcoma, involving 
the synovia of the right knee, and the other by Turner called mixed- 
cell sarcoma of the synovia of the ankle joint. In 1910. Lejars and 
Rubens-Duval presented the first real compilation of eases of synovial 
tumors. Because of the perivascular grouping of cells. Faceini, in 
1923, reported a ease and employed the term sarcomatous perithelioma 
to describe the tumor. The designation synovioma was given to this 
group of tumors by Smith, in 192T. 

In 1931, Dietz reviewed the literature which comprised ten cases, and 
added one of his own. The first reported case of synovial sarcoma to 
appear in the American literature was one reported by 'Wagner in 
1930. 

A comprehensive treatise dealing with pathologic entities involving 
the joints was presented by Sabrazes and his associates in 1932. in 
which the subject of synovial sarcoma was thoroughly and adequately 
discussed. In 1936, Knox reviewed the literature and added three cases 
of her own. Her discussion of the. histopathology of t he disease was 
instrumental in placing this group of tumors upon a sounder and 
firmer pathologic basis than heretofore. 

Coley and Pierson, in 1937, reported a group of fifteen cases of 
synovioma collected from the records of the Memorial Hospital. One 
year later, Berger reported five additional cases and critically analyzed 
the existing literature and pointed out that several of the cases reported 
as synovial sarcomas such as those of Ruediger Rydygier. Ilannemuller. 
the third case reported by Knox, the cases of Faceini, Tavernier, Hodg- 
son and Bishop, and Fievez were really doubtful in that they failed 
to meet his critical requirements. 

ETIOLOGY 

Out of a total of 76 collected eases, including the two here reported, 
a history of trauma was definitely present in 19, an incidence of 25 
per cent, too small to signify a causal relationship. DeSanto and as- 
sociates believe that a large number of these tumors occur in and 
around the knee joint, thereby suggesting a possible relationship be- 
tween chronic bursitis and synovitis and synovial sarcoma. The in- 
cidence of tumors involving the knee joint and its surroundings as- 
tabulated in this series is 48.7 per cent. 
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SUHGEttY 


Sex plays an insignificant role in this disease. There were 42 cases 
among men as against 33 in women. In one instance the sex was not 
mentioned. 

Of the 74 eases where the age was mentioned, 46 patients were be- 
tween 20 and 40 years of age, an incidence of 62.1 per cent. Beyond 
40 theie were 21 patients (28.4 per cent), and 7 patients were under 
20 (9.5 per cent). The oldest reported ease was that of a woman 
75 years of age, while the youngest was an infant 9 months old. The 
average age incidence in the entire group was slightly over 33 years, 
which is distinctly less than one sees in the group of sarcomas involving 
fascia and hone. 

The most recent monograph fully dealing with tins subject was 
by DeSanto and his associates, in 1941, in which 16 personally observed 
cases were reported. Snyder reported a ease of synovioma of the knee 
joint in a woman, in 1942, and Briggs presented 9 additional cases in 
1942. 

PATHOLOGY 

Synovial sarcomas originate primarily in synovial tissue, and for 
this reason are found in joints, bursae and tendon sheaths. In view 
of the fact that the synovial lining of bursae situated around joints 
is frequently in direct communication with the synovia lining the 
adjacent part, it is at times impossible to state with certainty whether 
a synovial sarcoma situated in the vicinity of a joint has had its 
origin within the joint or in the bursa adjoining the joint, making 
tabulation on the question of location somewhat uncertain. 

S3 7 )) o vial tumors ma.v be classified as circumscribed, diffuse, and en- 
capsulated. Circumscribed tumors are frequently found in tendon 
sheaths and bursae. The diffuse variety usually occurs in and around 
the knee joint and involves the popliteal space and the region above the 
patella. Encapsulated tumors are usually situated within para-articu- 
lar bursae. 

In general, it may be stated that on gross appearance these tumors 
are soft and myxomatous, although it is not unusual to find some which 
are firm and tough. Areas of brownish pigmentation scattered through- 
out the growth, due to the presence of old blood, are frequently seen. 
One may also find islands of calcification, bone, and cartilage within 
tumors. 

HISTOPATHOLOGY 

The histologic identification of synovial sarcomas is far more difficult 
than the recognition of other types of sarcomas, and to be conclusive, 
multiple sections are frequently required. A characteristic feature 
of such tumors is the presence of spaces or clefts which occasionally 
contain mucin or blood. The clefts are lined by strands of tissue corn- 
nosed of polyhedral or euhoidal cells often resembling pavement cp.- 
Eum Interspersed among these cells one sees areas composed of 



LAZARUS AND MARKS: SYNOVIA!/ SARCOMA 


293 

closely packed flat and spindle-shaped cells. Both types of cells 
usually show mitotic figures. The histiocytic features ot these Illinois 
are manifested in a variety of eharaet eristic manners. The cells maj 
have large single round or ovoid nuclei and heavy reticulated cyto- 
plasm arranged in strands with little or no evidence of clefts. On 
the other hand, the cells may he multinucleated. giving the impres- 
sion of giant-cell sarcomas. Because of the presence of large xanthoma 
cells in some synovial sarcomas, these tumors may he mistaken for 
benign giant-cell xanthomas. Unless specimens are taken from various 
parts of the growth, a section may be obtained with cellular archi- 
tecture indistinguishable from neuro- or fibrosarcoma. The presence 
of calcium, hone, and cartilage has been reported in synovial sarcomas. 
Knox points out that one of the characteristic features of this type 
of tumor is the presence of swollen cells which result from mucoid 
degeneration. True mucus has never been found in these 1 unions. 

SYMPTOM ATOI.OOY 

Pain was present in 40 of the 76 reported eases, an incidence of 
52.6 per cent. It was a prominent symptom in eases where the tumor 
involved the knee joint, hut was either absent or insignificant in the 
encapsulated or circumscribed variety. 

A tumor was noted in 71 of (he 76 cases (93.4 per cent), and was 
present for an average duration of 30 months. Where the tumor 
occupied a superficial position as the cubital fossa, olecranon region, 
or wrist, it was discovered early, while tumors within the confines of 
the knee joint, or deeply imbedded in the popliteal space, escaped de- 
tection until well advanced. The average duration of symptoms was 
36 months, ranging from 1 month up to 10 years. 

A survey of the 76 collected eases, including the two about to he 
reported, reveals the fact that the tumor involved the knee joint, in- 
cluding the popliteal space, in 37 patients (4S.7 per cent). The elbow 
joint, including the antecubital fossa, was involved in 8 instances 
(10.5 per cent), the ankle joint in 7 (9.2 per cent), the foot in 6 
(8 per cent), the thigh in 5 (6.6 per cent), and the palm of the hand 
3 times (4 per cent). The wrist joint was involved twice (2.6 per cent) 
as were the fingers also. The space above Poupart’s ligament, axilla, 
forearm tendon sheath, flexor brevis tendon, dorsum of hand and toe 
were each involved once (1.3 per cent). 

PROGNOSIS 

For general purposes it may he stated that all synovial sarcomas 
are malignant to a greater or lesser degree. Those tumors presenting 
a greater number of multinucleated giant cells are believed to possess 
less malignant tendencies, yet out of 4 such eases described by DeSanto 
and his co-workers, 2 promptly recurred after extirpation. One of 
these has been reported well after 3 years, following 2 local resections 
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Surgery 


Tlie most malignant type consists of tumors characterized by closely 
approximated cells presenting oval or round nuclei. Such tumors, fol- 
lowing removal, quickly metastasize to the lungs and bones. Tumors 
presenting well-defined clefts and cells resembling most the character- 
istics of synovial cells occupy a position between the two extremes 
above noted. Knox estimated the interval between the time the pa- 
tients were first observed and the time of their terminal illness as 
varying between 7 months and 7*4 years. 

A survey of the reported cases shows that in the majority of in- 
stances, treatment was promptly followed by recurrence and metastases 
(56.6 per cent). In 13 cases reported by DeSanto and associates, in 
which local excision was carried out, prompt recurrence took place in 
10 of them within 9 months, one patient developed axillary metastases, 
and The remaining 2 were reported well after 9 and 14 months, re- 
spectively. 

These same authors reported 7 eases treated by delayed amputation, 
of which 6 sarcomas were in the knee joint and 1 in the flexor tendon 
of the ring finger. Only 2 patients, of this group survived, 1 being 
alive after 22 months, and the other after 1 year. 

■ They recommend wide local excision for the encapsulated and ac- 
cessible tumors, reserving radical amputation for those tumors which, 
on histologic study, show a high degree of malignancy, and in cases 
where local recurrence follows resection. Radical amputation is im- 
medialely indicated in all diffuse and inaccessible tumors. Deep roent- 
gen therapy may be of some use as an adjuvant to surgery. 


CASE REPORTS 

Case 1. — B. M., aged 30 years, a porter and single, was fiist seen by us on Oct. 
5, 1940, complaining' of a small swelling on the palm of the right hand of three 
years’ duration. The family and past histories were negative. lie had never had 
a venereal disease. On close questioning, he thought that he might have traumatized 
his hand in carrying luggage. Nine months previously a physician had incised this 
swelling. There was no loss of weight, nor any other symptoms, save for a tend- 
ency to tire easily on exertion. The wound did not feel tender, nor give rise to pain. 

Phvsieal examination, save for tiie lesion on the palm of the right hand, was 
essentially negative. Examination of the right palm disclosed a deep linear wound 
along the thenar pulwar fold, in the proximal end of which there was a shallow 
opening with a necrotic base which bled easily on palpation. A probe could not 
be introduced into the deep tissues. Lymphadenopatliy was absent at this time. 
Roentgenologic examination of the lungs levealed no evidence of metastases. 

Hemoglobin was S9 per cent. ^ 

Superficial x-ray exposures to the right palm were given during the next .. 
,} j n S p; te 0 f local dressings with sulfanilamide powder alternating with 
111011 L'vAals improvement nas not noted. At this time examination disclosed a 
UT ® a , ‘nit’rochlear node in the right arm. The local lesion could best be do- 
palpable P „- ou nd extending into the thenar crease of the right palm 

scribed a- > 1 ravish base. Biopsy revealed the presence of synovial snicoma. 

'^OnVeTld 0 e xti T iation of t)ie gr0 ' Vtl ‘ 1Tas cnrric<1 out un<lcr < ; . v,,,0 P r0 P !mc 

anesthesia. 
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Pathologic Report (Dr. Arthur Schifrin).— -The specimen consists o£ several frng- 
ments of tissue removed from different parts of the palm, received fixed in formalin. 

Microscopic: (1) Sections from deep palmar fascia area: The fragments tire in- 
filtrated by tumor tissue. In some areas the latter form the lining of small cleft- 
like spaces. This liniug is of irregular thickness and in some sites forms small 
moumllike eminences which project into the ltimimi of the cleftlike spaces, 'lhe 
cells vary in sire and shape. Those closest to the lumen are often larger, more 
polygonal, and with better defined eel) outlines. Their cytoplasm is pale and 
nuclei are of modeiate si7o, elliptical or round. Some of the nuclei tire larger and 
somewhat lobulated, while others show atvpism. Rare ones show mitoses. These 
cell la vers are intermingled with and in continuity with cells which are more numer- 
ous in the deeper portions ami are definitely smaller, flatter, more spindle shaped, 
and more closely knitted together. They fuse with the subjacent collagenous con- 
nective tissue so that no basement membrane to this entire lining layer can be 
demonstrated. Scattered and dense eollections of round cells are present in the 
deeper and adjacent portions. Tho tumor infiltration extends into adjacent fibrous 
and fatty tissue. 



KiJy, 1 (Case 1) . — A, Lou;- power view showing cleftlike space, lined by imbricated 
epithelial-like cells. jB, High-power view showing polygonal, gloliotd and pale cells 
m continuity with spindle-shaped cells; several mitoses and atypical nuclei are «een 


(2) Sections were also taken from neive-. luiubtieal muscles, and skin ;\t the 
resected edge of the operative atca. No infiltration was present. Sections taken 
through the main mess leading down to the deep palmar fascia area showed cleft- 
like spaces lined by polygonal epithelial -like cells as already de*eiibed. The skin 
adjacent to the mass showed tumor infiltration. 

Diagnosis: The diagnosis was synovial sarcoma showing infiltration of subcutane- 
ous tissue, fibrous tissue, and fat. The nerve and deeper muscle tissues are not 
infiltrated. 

Radical amputation was refused. Up to the present there has been no recur- 
lenee, and the patient is apparently well. 
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SURGERY 


Case 2. A. M., a 47-year-old married woman, an artist, was first seen on April 
11, 1940, complaining of a painless swelling of tlie right knee of JO days’ duration, 
swelling of the ankles, and occasional swelling of the eyelids. There was no his- 
tory of trauma. 

Physical examination was essentially negative. No abnormality was noted 
around the knee joint. 

She was again seen on Oct. 7, 1940, complaining of pufiiness around both knees, 
more marked around the right. At this time examination disclosed a fluctuant 
swelling on the inner aspect of the right knee which was aspirated, yielding about 
30 c.c. of bloodstained fluid. Specimens of the fluid were sent to the laboratory 
for culture and for microscopic examination of centrifuged sediment for cells. 
These were reported negative. From that time to Pec. 12, 1940, aspirations were 
carried out on several occasions, and amounts of fluid varying- from 9 to 50 c.e. 
were removed. X-ray taken on Dee. 19, 1940, failed to show any involvement of 
bone. On Jan. 13, 1941, 95 c.c. of fluid were aspirated from the right knee, and 
2 e.c. of quinine and urethane were injected, and after 5 injections at weekly in- 
tervals, the knee appeared normal. Following an examination on April 3, 1941, 
the patient went on vacation and returned November 13, complaining of swelling 
and soreness aiound the right knee. X-ray examination at this time revealed a 
fusiform elastic swelling arising from the soft parts of the inner aspect of the 
right knee above the inner condyle of the femur. 



Wi „ 2 fCase 2). — A, Low-power view showing cleftlike space lined l>y a broad 
yone of "cellular tissue whose outermost layer contains epithelial-like, pale, pobffonn 1. 
and rfobular imbricated cells. B, Higher power showing nests of solid sync>tial and 
polygonal cells with regular and atypical nuclei ; mitoses arc present. 


Operation was performed Dec. 11, 1943. Situated beneath the lower fibers of 
the vastus internus muscle of the thigh, just below the inner aspect of the knee 
; 0 , tumor about the size of a small peach, containing considerable old 

there t\a ‘ .. is verv closely resembled necrotic papillomatous tissue 

blood and liapmal ,.- carcinoma of tIie bladder. The capsule 

SO frequentlj fo , ai ih e ,ont to the muscle fiheis of the vastus in- 

of the tumor was thWKcncu 

tennis. 
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Radical local excision of this niat-s was eat t toil out ami the wound honied by 
primary union in (’> days. Thm' weeks Intel another mid wider dissection was ear- 
ned out at the Memorial Hospital, followed by deep x-ray treatments. The patient 
refused amputation. At present she is routined to the hospital with diffuse wetns- 
tases to the abdomen and lymph nodes. 

Pathologic fit port (Dr. Arthur Hehifrin). — 

.Macroscopic. — The specimen consists of numerous fragments of tissue. Many 
portions eonsist of fibrotie friable tissue. Several broad fragments show a de- 
limiting outer fibrotie wall with no penetration by its contents. The internal sur- 
face of these fragments is irregular, tough, shaggy, and friable, and contains 
papillary elevations of hemorilmgie material which in some places is canary yellow 
and in other place- biownish in color. 

Microscopic: The wall of the main lumen is irregular and numerous irregular 
polypoid elevations project from it. These elevation- consist of tumor tissue in- 
liltrating the wall. The tumor tissue include- very cellular areas which contain 
large cells varying fiom polygonal cells to cells with large protoplasmic processes 
and syncytial cytoplasm. The nuclei vary from tegular large vesicular nuclei con- 
taining distinct nucleoli, to small dark and den-e, and often large irregular, bizarre 
atypical nuclei. Mult {nucleated cells ate present and both regular and irregular 
types of mitoses are present. 

Where the tumor tissue borders a lumen or a cleft, the outermost zone shows a 
multicellular layer of paler, more succulent cells having a membranous-like appear- 
ance. This is in direct continuity with subjacent cells which have a more fibro- 
blastic appearance. Within the cellular aieas there are areas of necrosis, inter- 
stitial hemorrhage, numerous xanthoma cell-, and hemosiderin laden cells. The 
cytoplasm of the membranous-like portion varies from eosinophylic and granular to 
pale and clear. 

At one site a blood ves-el within the cnp-ulc shows subiutimai tumor-cell infiltra- 
tion. Where the tissue is quite cellular theie arc lumina which are pos-iblv arte- 
facts, but there arc definite cleftlike lumina which are obviously not aitefacts. 
Diagnosis: Synovial sarcoma with marked infiltration of the bursal wall. 

SUMMARY AN!) CONCLUSIONS 

Synovial sarcoma is -a highly malignant tumor arising from synovial 
membranes of joints, bursae and tendon sheaths. The paucity of case 
reports of tumors of this type is more apparent than real because of the 
variance in designations under which they have been recorded. This 
discrepancy in designation is due to the variation in histologic archi- 
tecture of the tumor, depending upon the site or origin of tiie tumor 
from tiie various layers of the synovial membrane. Thus, a tumor 
originating from the lining stratum of the synovial membrane will 
present eertain characteristic features, while one arising from the 
deep fihrocytie layer will present features closely simulating the 
ordinary spindle-cell sarcoma. Furthermore, variations in nomenclature 
may also occur as a result of metaplastie changes occurring in the 
tumor cells by virtue of their location. Although some tumors are 
firm and tough, the majority are soft and myxomatous. A characteristic 
feature of synovial sarcoma is the presence of clefts lined by strands 
oi polyhedral or euboidal cells resembling pavement epithelium. Areas 
composed of closely packed, flat or spmdle-slmped cells are often in 
terspersed among these strands of euboidal cells. Large xanthoma 
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cells arc occasionally seen, which may lead to the erroneous diagnosis 
of benign giant-cell xanthoma. According to Knox, one of the charac- 
teristic features of this type of tumor is the presence of swollen cells 
which result from mucoid degeneration, although mucus has never 
been found in these tumors. 

A careful review of the literature discloses the presence of 76 recorded 
cases, including two of ours which are presented here. Of this number, 
there was a history of trauma in 1!) (2b per cent). Forty-six of the 
76 patients were between the ages of 20 and 40 (62.1 per cent). Pain 
was j) resent in 52.6 per cent of patients, but when the tumor involved 
the knee joint it was a prominent symptom. A tumor was noted in 
93.4 per cent of cases and was present for an average duration of 30 
months. The average duration of symptoms was 36 months. The knee 
joint was involved in 4S.7 per cent of cases, t lie elbow in 10. b per cent, 
and the ankle in 9.2 per cent, while the palm of the hand was involved 
in only 4 per cent of the cases. 

The prognosis is poor. The least malignant tumors are supposedly 
those containing a greater number of multinucleated cells, while those 
characterized by closely approximated cells presenting oval or round 
nuclei display the highest degree of malignancy. Tumors presenting 
well-defined clefts and cells resembling most the characteristics of 
synovial cells occupy a position between these two extremes. 

A survey of the reported cases shows that in 56.6 per cent prompt 
recurrence and metastases followed treatment. According to Knox, 
the interval between the time of onset of symptoms to the time of the 
terminal illness varied between 7 months and 7rt, years. In our 
tabulated series of 76 cases, there were follow-ups on 64 patients, and of 
this number. 10 (16 per cent) were found to be living b years or more, 
while 9 (14 per cent) were alive between 3 and 5 years. Eight patients 
(13 per cent) succumbed between the first and third years, and 15 
(24 per cent) died within the first year. Twenty-one persons (33 per- 
cent) were reported well without further comment. 

Local wide excision is advocated for the encapsulated and accessible 
tumors. Radical amputation is reserved for tumors showing, on his- 
tologic examination, a high grade of malignancy, or where local re- 
currence followed extirpation, and also in inaccessible tumors. Irra- 
diation is advocated only as an adjuvant to surgical intervention. 

Two cases of synovial sarcoma are here presented, one involvin'* the 
palm of the hand, and the other the knee joint. 
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METASTATIC BRAIN ABSCESS 


COMPLICATING INCONSPICUOUS PULMONARY SUPPURATION IN THE 

Presence of Chronic Noxtuiierculous Empyema 

Robert W. Buxton, H.B., and M. E. White, Jr., Al.i >. 

Ann Arbor, Alien. 

(From the Department of Surgery, University of Michigan) 

D URING the years 1934 to 1941, inclusive, 343 cases of nont liberations 
empyema have been treated in the University of Michigan Hospital. 
Of these, 132 were considered chronic. All eases classified as chronic had 
a known duration of three months or longer. Six of these eases of 
chronic empyema were complicated by metastatic brain abscesses, an 
incidence of 4.5 per cent. The diagnosis in each case was confirmed by 
post-mortem examination. The review of these cases was stimulated by 
the recent, unexpected death of two patients having chronic empyema, 
occurring within a three-day period. The cause of death in both patients 
was a metastatic brain abscess. 

This study was begun solely as a review of the cases of chronic non- 
tuberculous empyemas complicated by metastatic cerebral abscesses. A 
careful study of the post-mortem findings in each revealed that five of 
the six eases reported harbored a variety of pulmonary lesions beneath 
the empyema space, each of which was a probable source of septic emboli. 
In only one ease was the pulmonary tissue underlying the pleural space 
free of suppuration. The significance of these findings became evident 
when it was found that in four cases no residual empyema space existed 
at the time of death. 

Such metastatic cerebral abscesses follow the occlusion of cerebral 
vessels by an infected embolus, arising at the site of intrathoracic sup- 
puration and circulating freely in the blood stream (Eagleton). The 
course of the embolus, from its point of origin to its terminal lodging, has 
occasioned various theories. Virchow, in 1S53, postulated an origin in 
a small tributary of one Of the pulmonary veins, the particle being then 
transported through the pulmonary veins, the left heart, and the carotid 
artery and deposited in a terminal radical of a cerebral artery. Eagle- 
ton, 3 however, believes that the pathway of the emboli from the chest to 
the brain is entirely venous and asserts that the rapidity of arterial flow 
tends to prevent lodgment of an embolus in the arterial circulation. His 
premise that the emboli pass entirely through veins gains some confirma- 
tion in the work of Batson 4 who has demonstrated connections between 
the intercostal and azygos veins, the paravertebral venous plexus and 
the cerebral veins. Because of the low pressure within this system and 
the absence of valves, reversal of flow readily occurs with increase in 
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BUXTON* AN*D WUlITi:: JIirTASTATIO llli MX AliSn't^ 1111 

ages, each presumably inadequate. Tlicie wa* lolief of -vmptonis nfloi enoli dunnage 
for a short, period of time. 

The patient had been in ill health for six week- prior to admission. Vivo dots be- 
fore admission he became irrational and in the interim before admission tlioio had 
been two generalized convulsions. The temperature w as 07° V. ; the patient was 
obviously moribund. There was questionable rigidity of the liech. The left thoinv 
showed retraction and limited expansion with the physical signs of a considerable 
pleural effusion. The blood pressure was .1110/0 1. A small diaining sinus was noted 
in the left mid-axilla; above it, two healed sears were risible. The lhei was 
enlarged. All reflexes were hyperactive and ankle clonus was sustained bilateinlly. 
The patient died eight hours after admission, lloentgenoginms were not obtained. 

Post-mortem examination revealed a right frontal lobe abscess measuring I by -I 
cm. It was not walled off from tho surrounding biniu tissue. Tim abscess entity 
contained licnvy green pus under considerable piessuio. There was n flbiinopuruleut 
pachymeningitis in the legion of the abscess. The chest showed a clnonie mainlined 
left empyema, tho surrounding pleuiai wall of which was fiom A to 1 mm. in thick- 
ness. The empyenm space contained bloodstained puiulcnt mateiiak The draining 
sinus in the seventh iutcicostal space entcied a small ratify containing necrotic lung, 
but it did not communicate witli the empyema. The undoi lying pulmonary tissue 
showed acute pnssivo congestion and edema with a elnonie pneumonitis near the 
Itilum. 

Case 3. — R. S. (No. -1H8S3) was a white man, nged HI ye-tis. Tho patient was 
admitted to the Unitersity Hospital on Deeomliei Id, 1037. lie had been appntcntly 
well until October, 193(5, when he det eloped a light “plomnl pneumonia,’' with which 
he was in bed for tlnee weeks. Following this ho was somewhat impiotcd, but con- 
tinued to hate mild symptoms until May, 1037. At tiiis time a light-sided empyenm 
was diagnosed and diained. A drainage tube was left in pbico for n pciiod of seven 
months and was lemoted shortly before admission. Tho sinus track drained 
intermittently after lemntal of (lie tube. Ho had leecntly complained of pain in 
the right chest, and had developed a cough produclho of yellow spulmu. Siv days 
before admission there was a sudden onsot of gcneiabVcd tonic convulsions, mostly 
of the right side, w Inch lasted foi one half hout. There was no loss oT consciousness 
or incontinence. Two more attacks occurred during the ci cuing of the sumo day 
and lasted from ten to fifteen minutes each. For the next four days the patient 
appeared normal. On the day before his admission, them was again loss of con- 
sciousness without muscle twitching or incontinence. Following recovery, the patient 
was drowsy and appeared to liimi a poor memory. His speech was thick and (lifllcult 
to understand. On December 13, the day of admission, tlioio weie (luce morn 
attacks, each lasting about thirty minutes, and without vomiting, headache, oi Incon- 
tinence. The temperature was 99.0" F. Kxamiimtion revealed a complete aphasia and 
a slight right facial palsy, A complete flaccid paialysis of the right aim and leg 
was present. There were no signs of increased intracranial picssarc. Roentgenograms 
showed an unresolved pneumonia with a small localized empyema. After admission 
there was increasing lethargy and a daily tcmpciaturo elevation to 100° F. Craniot- 
omy was deferred in tho hope that the suspected brain ubsccss would become walled 
off. Terminally the temperatuic rose to 103° F. and the patient had mnikori dyspnea. 
He died on the fifth hospital day. 

At post mortem examination a brain abscess, measuring ,'j by 2M cm., occupied the 
left precentral area. The abscess had ruptured into tho left lateral ventricle whit h 
contained thick, greenish-gray, foul pus. The path of extension showed veiy little 
reaction. In addition, a fibrinopurulcnt pachymeningitis and leptomeningitis were 
noted about the left cerebrum and the under.surfai c of the biain. The right pleural 
space was almost completely obliterated by dense adhesions below the third rib 
anteriorly and posteriorly. The pleuiae measured 1 cm. in thickness. No Dec pus 
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inlratlioraeic pressure, as in coughing or straining. At least two possible- 
routes are thus open for an infected embolus freed from its empyema 
source to gain entrance into a cerebral vessel. 

CASE REPORTS 

Case 1.— J. G. (No. 368464) was a white man, aged 43 years. The patient was 
admitted to the Univerity of Michigan Hospital on Sept. 6, 1935, complaining of a 
productive cough and pain in the right lower chest. The previous history related 
the onset of acute mid-abdominal pain in 1928, following drainage of a right sub- 
diapliragmatic abscess, in another hospital. A series of bronchoseopie aspirations, 
before admission to the University Hospital, had given no relief of his presenting 
pulmonary symptoms. 

On admission the scar at the site of the previous subdiapliragmatic drainage ap- 
peared well healed. The tempeiature was 99.5° F. The patient was not acutely ill. 
Roentgenograms revealed a chronic pneumonitis at the right base with an obliterative 
pleuritis. After lipiodol bronchograms had been made, a small saccular area, thought 
to be a small pleural abscess, was noted at the extreme anterior axillary segment 
of the middle lobe. Thoracentesis revealed pus containing Streptococcus viridans. 
A rib resection was done on September 15, and an empyema cavity was entered. 
There was a communication with a small subdiapliragmatic abscess, and a fistulous 
track entered a branch of the middle lobe bronchus. The postoperative course was 
essentially uneventful. Because of a small, persistently draining sinus, a segment 
of osteomyelitic rib was removed on October 24. At the time of the patient’s dis- 
charge from the hospital on November 27, there was a draining sinus at the empyema 
drainage site which, upon probing, led inward for three inches toward the resected 
rib. The bronchopleural fistula had closed. 

On Jan. 12, 1936, the patient was readmitted because of persistent drainage, ap- 
parently due to further osteomyelitic involvement of the sixth rib. Roentgenograms 
showed an osteomyelitis and an extensive pleuritis at the right base. Further resection 
of the involved rib was done on January 15, at which time the bronchopleural fistula 
was again demonstrated. Again the patient’s course was uneventful until, on 
February 13, there was a sudden loss of consciousness with difficult respiration. The 
attack lasted about one hour. The blood pressure during this period was 90/60. 
There were no convulsions and no localizing signs during the attack. During the 
following two days the patient complained of a frontal headache and there was some 
drowsiness. On February 19, the drowsiness became more marked and the patient 
became disoriented. At no time were convulsions noted. Neurologic examination 
revealed slight fullness of the retinal veins without papilledema. The reflexes, both 
deep and superficial, were normal. Because of the absence of definite localizing 
signs, craniotomy was not done. The patient died on February 21. 

Fost-mortem examination revealed a frontal lobe abscess measuring / cm. in 
diameter. Grossly, the adjacent white matter was yellowish green in color and very 
hyperemic. Microscopically, the brain tissue forming the wall of the abscess was 
extensively destroyed and was undergoing liquefaction necrosis. There was an 
associated leptomeningitis at the base of the brain, and particularly in the cistcrnn 
magna. The pleural space on the right was obliterated by dense adhesions except 
at the site of the bronehopleurocutaneous fistula. The underlying pulmonary tissue 
disclosed a cluonic fibroid pneumonia with a chronic purulent bronchitis and 
bronchiectasis. 

Case 2 . G. W. (No. 4022SS) was a white man, aged 33 years. The patient was 

admitted to the University Hospital in coma on May 14, 1937. A scanty history, 
obtained from his relatives, revealed that an empyema had been drained six years 
i.n#i iir»n 1 a/i luif Itnrl mnnircd three or four Mib^ecjuent drain- 
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mtralkoiacie piessuie, as in coughing or sliaining At least two possible 
routes are thus open for an infected embolus freed fiom its empyema 
source to gam entrance into a cerebral vessel. 


c isn reports 


Casd 1 — J G. (No 368464) w as a white man, aged 43 yea is. The patient a as- 
admitted to the Uniientj of Michigan Hospital on Sept. 6, 1935, complaining of a 
pioductive cough and pain m the light lovei chest. The previous history related 
the onset of acute mid abdominal pain m 1928, following drainage of a light sub 
diaphragmatic abscess, in anothei hospital A series of bronchoscopic aspirations, 
before admission to the Unneisity Hospital, had given no relief of his presenting 
pulmonaiy symptoms 

On admission the sear at the site of the prenous subdiaphragmatic drainage ap 
peared well healed. The tempeiatuie w as 99 5° F. The patient was not acutely ill 
Roentgenogiams ie\ealed a chronic pneumonitis at the right base with an obliteiatne 
pleuntis After lipiodol bronchograms had been made, a small saccular aiea, thought 
to be a small pleural abscess, w as noted at the extreme anterior axillary segment 
of the middle lobe. Thoiacentesis ievealed pus contaming Streptococcus virtclans 
A rib resection Mas done on Septembei 15, and an empyema cavity was entered 
There Mas a communication with a small subdiaphragmatic abscess, and a fistulous 
tiach enteied a branch of the middle lobe bronchus The postoperatu e couise Mas 
essentially uneventful. Because of a small, persistently draining sinus, a segment 
of osteomyelitic nb uas lemoied on Octobei 24 At the time of the patient’s dn> 
clnuge fiom the hospital on No\ ember 27, there Mas a diaimng sinus at the empyema 
drainage site Minch, upon piobing, led innaid foi three inches tonaul the lesected 
nb The bronchoplemal fistula had closed 

On Jan 12, 1936, the patient Mas leadmitted because of persistent diamage, ap 
patently due to fuithcr osteomjelitic involvement of the sixth nb Roentgenograms 
showed an osteomyelitis and an extensile pleuntis at the light base. Further resection 
of the mi oh ed nb was done on Januaiy 15, at nliich time the bronchopleural fistula 
uas again demonstrated Again the patient’s course lias uneientful until, on 
Febiuaiy 13, there nas a sudden loss of consciousness nitli difficult respiration The 
attack lasted about one lioui The blood pressure during this period was 90/60 
Tlieie were no convulsions and no localizing signs duung the attack During the 
following two dais the patient complained of a fiontal headache and there was some 
diowsmess On Februaiy 19, the chow sinews became more marked and the patient 
became disonented At no time weie convulsions noted Neurologic examination 
leiealed slight fullness of the retinal reins without, papilledema The ioflexes, both 
deep and supeificial, weie normal Because of the absence of definite localizing 
signs, craniotomy was not done The patient died on Februaiy 21 

Postmortem examination repealed a frontal lobe abscess measunng 7 cm in 
diameter. Grossly, the adjacent white mattei was yellowish green in color and voiy 
hjpercmic Microscopically, the lnain tissue forming the wall of the abscess was 
extensively destroyed and was undeigomg liquefaction neciosis There was an 
associated leptomeningitis at the b me of the brain, and particularly in the cistenm 
a a The pleural space on the light was obliterated by dense adhesions except 
Ttlie she of the bionchopleurocutancous fistula The underlying pulmonary tissue 
d « •! ised a chronic fibroid pneumonia with a chrome purulent bronchitis und 


biouelnectasis 

r XV f No 4022 SS) was a white roan, aged J3 ycirs The patient was 
CA f, t University Hospital m coma on May 14, 1917. A ‘ninty history, 

admitted to ^ e )ati\es revealed that an empyemi hid been drained six years 

obtained from iis r ‘ ’, iclled but j, a d required time or four siibwqnent drain 
previously. t‘ ie «ou 
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Sion's hn<3 been present for n week prior to admission. Examination nfter admi«ion 
revealed a right hemiplegia with Mime ‘-en'-orv changes. Tlie ".mail residual empyema 
was well drained. A craniotomy was performed by Dr. Carl F. Tost on tlie day 
following admission and an unoneapsulated brain abscess in the left parasagittal 
area was drained. Sir. lindane was cultured from tlie evacuated pus. The patient 
received fi Cm. of sulfatlnnrole daily from the time of admission. The post- 
operative course was steadily downhill with increasing coma. Death occurred on 
May 2.1. 

At post-mortem examination a multiloi ulated. uiieneapsulated brain abscess was 
present in the left parietal area. There were four locales, ,acli inca'ining at least 
2 cm. in diameter and all communicating with each other. There was a diffuse 
purulent leptomeningitis. Xo evidence of skull fracture was found. The left pleural 
space was obliterated by an adhesive pleuritis except for a small sinus track at the 
site of previous drainage; no free pus was present. The underlying pulmonary tissue 
showed extensive fibroid pneumonia, bronchiectasis, and a terminal, purulent, lobular 
pneumonia. Several small hemorrhagic infants were noted. 

C.xsf Ik — E. O. (Xo. 4S180IV), a white man, aged 2,1 years, was admitted to the 
University Hospital on May 22, 1241. with a two day history of staggering gait 
and repeated left snled convulsions. In February, 1041, he had had an attack of 
pneumonia complicated by a right empyema. Following drainage on three occasions 
he improved, but was still in poor general health, although not confined to lied. 
On admission, a small draining sinus was noted in the lower right posteiinr (dicst. 
There were physical signs of pleural dual over the lower half of the right chest 
posteriorly. The patient vvn= semi stupeioiis and had weakness of the left side of the 
body. The snus track in the right side of the che-t was dilated and a larger tube 
was inserted, releasing several ounce' of thick pus. By prolong, the empyema cavity 
was found to extend to the thoracic dome. Xeurosurgu al consultation on iidmission 
suggested tlie diagnosis of metastatic brain abscess. Craniotomy by Dr. Ward W. 
Woods, May 2G, revealed an abscess m the right parietal lobe and the iib'ccss was 
drained through an exploring needle. SI i. iiiidnns was cultured from the pus. The 
patient received G Gm. of sulfanilamide daily from May 24, until Ins death on 
May 27. 

Post-mortem examination revealed an unem apsulntcd right parietal lobe abscess 
measuring 3 by 1 cm. There was a diffuse purulent leptomeningitis over the right 
lerebium. The empyema was dependently and adequately drained. Tlie lung beneath 
the empyema showed a chronic fibroid pneumonia, bronchiectasis, and an mute 
purulent and hemorrhagic pneumonia, probably terminal. A thrombus containing 
many leucocytes was noted in a small pulmonary vein. 

DISCCSSIOX 

It has been stated by Evans 1 that it is tlie tendency of chronic em- 
pyemas to form a chronic type of brain abscess, which is generally sol- 
itary and almost invariably the only lesion indicative of pyemia. In 
none of our reported eases, however, was elironicity of the brain abscess 
a noteworthy factor. Four of our eases showed a duration of from five 
to ten day's from the onset of symptoms to death. The patient with a 
brain abscess in Case 5 was operated upon eight days after onset; be 
died thirteen days after operation. In four of the cases the abscess was 
solitary -, in one, multiloeular, and in one, multiple. 

Tlie cause of death in most reported cases 8 was due to rapid extension 
of the abscess, with frequent rupture of the abscess into a ventricle. In 
our third and fourth cases, rupture occurred into the lateral ventricles. 
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was present. The subjacent lung showed a chronic fibroid pneumonia with organizing 
fibrin in the alveoli. There were multiple microscopic pulmonary abscesses through- 
out. The liver contained a chronic abscess cavity measuring 3 cm. in diameter. 


Case 4. — B. E. (No. 420322) was a white boy, aged 4 years. The patient was 
admitted to the University Hospital on March 26, 1938. In August, 1937, he was 
seen by his physician because of a stiff neck, pain over the left trapezius muscle, and 
fever. These symptoms disappeared spontaneously. During the first part of March, 
193S, they reappeared, and in addition, a hot, tender swelling appeared over the 
trapezius. 

On admission, the temperature was 99.4° F. There was a 10 cm., indurated, tender, 
poorly outlined mass over the left trapezius muscle. A left scoliosis was present. 
Dullness to percussion with diminished breath sounds and fremitus was noted at the 
left pulmonary apex posteriorly. Roentgenograms of the chest showed obscuration 
of the left apex, diminished aeration of the left lung, and increased soft tissue 
shadows in the left cervical and supraclavicular areas with included gas in the 
tissues. A diagnosis of empyema necessitatis was made, and thoracentesis posteriorly 
yielded thick, foul, yellow pus which contained Str. viridans , fusiform bacilli, and 
Spirocliaetae. Drainage of the empyema through the fourth rib bed posteriorly 
was carried out on April 4, 193S. At operation the empyema cavity extended from the 
fourth rib to the apex of the thoracic dome. The postoperative course was unevent- 
ful until April 7, when the patient suddenly became unresponsive. No convulsions 
were noted. Examination at this time revealed left facial weakness, slight weakness 
of the left arm and leg, papilledema, a positive Kernig’s sign, and bilateral sustained 
ankle clonus with a positive Babinski sign. Lumbar puncture showed increased 
pressure and a clear fluid which contained thirty cells per cubic millimeter, lympho- 
cytes predominating. The clinical impression was a right cerebral abscess, probably 
metastatic. A craniotomy was performed on the same day by Dr. Carl F. List, dis- 
closing a nonencapsulated right frontal lobe abscess from which a Str. viridans was 
cultured. After sealing the meninges to the cortex with an electrocautery, the 
abscess was opened and packed. Sulfonamide therapy was started on the day of 
operation and was continued until death twenty-three days later. 

Post-mortem examination revealed a huge, drained brain abscess replacing the 
entire right frontal lobe, with extensive surrounding suppurative encephalitis. The 
purulent process had ruptured into the right lateral ventricle, from which there 
had been extension into the opposite lateral ventricle and the fourth ventricle. There 
was a small undrained abscess in the left parietal lobe. A diffuse purulent lepto- 
meningitis was present. Examination of the thorax showed an obliteration of the 
pleural space over the left apex with a 5 cm. draining sinus posteriorly. No free 
pus was present. The underlying lung showed an acute purulent bronchitis and a few 
scattered areas of bronchial pneumonia in the right and left lower lobes. 


Case 5.— H. K. (No. 475011), a white man, aged 35 years, was admitted to the 
University Hospital on Feb. 3, 1941. He lmd been referred to the hospital with 
mild fever, chronic debility, and inadequate drainage of a postpneumonic empyema 
of three months’ duration. Roentgenograms on admission revealed an extensive 
nvopneumothorax extending from the diaphragm to the thoracic dome on the left 
! : 1 There was a narrow sinus posteriorly which drained a small amount of thick 
T]ie sinus track was dilated and a drainage tube of adequate size inserted. 
J’ US ' . narrative pressure was maintained in the empyema space by means of a 
<J ° n ! ' ”ratus. Re-expansion of the lung almost completely obliterated the 
suction appur. . ' wep j_ s , (iine The patient was discharged in good condition 
empyema *P acc > t])C wa ll. He was readmitted on May 9, 1941, with a 

with a small „ v0 a nd one-half weeks previously, when a fall while 

storv of good aeaui ^ 


intoxicated resulted in a contusmn 


of the left supra-orhital area. There was no loss 


of consciousness at the time. 


Vertigo, mild nausea, and recurrent right-sided eonvul- 
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sions luul been present for a week prior to ndmis-'ioti. Examination after admission 
repealed a right hemiplegia with some sensory change'. The small residual empyema 
was well drained. A craniotomy was performed by Dr. Carl F. T>i't on the day 
following admission and an uneneapsulated brain abscess in the left parasagittal 
area was drained. Sir. liriilo n\ was cultured from the evacuated pus. The patient 
received (i Gm. of sulfatliinrole daily from the time of admission. The post- 
operatise course was steadily downhill with increasing coma. Death occurred on 
May 2.".. 

At post-mortem examination a multiloeulated, uneneapsulated brain abscess was 
present in the left parietal area. There were four locales, each measuring at least 
2 cm. in diameter and all communicating with each other. There was a diffuse 
purulent leptomeningitis. No evidence of skull fracture was found. The left pleural 
space was obliterated by an adhesive pleuritis except for a .small sinus track at the 
site of previous drainage; no free pus was present. The underlying pulmonary tissue 
showed extensive fibroid pneumonia, bronchiectasis, and a terminal, purulent, lobular 
pneumonia. Several small hemorrhagic infarcts were noted. 

Cask li. — K. 0. (No. -1S1 SOi'>> , a white man, aged 31 years, was admitted to the 
University Hospital on May 22, 11*4 1. with a two-day history of staggering gait 
and repeated left-sided convulsions. In February, 1041, bo lmd bad an attack of 
pneumonia complicated by a right empyema. Following drainage on three occasions 
he improved, hut was still in poor general health, although not confined to hod. 
On admission, a small draining sinus was noted in the lower right posterior chest. 
There were physical signs of pleuial fluid over the lower half of the right chest 
posteriorly. The patient was ,'otni stuporous and had weakness of the left side of the 
body. The sinus track in the right side of the chest was dilated and a larger tube 
was inserted, releasing several ounces of thick pus. By probing, the empyema cavity 
was found to extend to the thoracic dome. Neurosurgical consultation on admission 
suggested the diagnosis of metastatic brain ab'ce's. Craniotomy by I)r. Ward V. 
Moods, May 20, revealed an abscess in the right parietal lobe and the abscess was 
drained through an exploring nocdlo. Str. nrulans was cultured from the pit'. The 
patient received G Gm. of sulfanilamide dailv from Mnv 24, until his death on 
May 27. 

Post-nvoitom examination revealed an uneneapsulated right parietal lobe abscess 
measuring 3 by 1 cm. There was a diffuse purulent leptomeningitis over the right 
cerebrum. The empyema was dependent ly and adequately drained. The lung beneath 
the empyema showed a chronic fibroid pneumonia, bronchiectasis, and an acute 
purulent and hemorrhagic pneumonia, probably terminal. A thrombus containing 
many- leucocytes was noted in a small pulmonary vein. 

DISCUSSION 

It lias been stated by Evans 1 that it is the tendency of chronic em- 
pyemas to form a chronic type of brain abscess, which is generally sol- 
itary and almost invariably the only lesion indicative of pyemia. In 
none of our reported cases, however, was chronicity of the brain abscess 
a noteworthy factor. Four of our cases showed a duration of from five 
to ten days from the onset of symptoms to death. The patient with a 
bram abscess in Case 5 was operated upon eight days after onset; he 
died thirteen days after operation. In four of the cases the abscess was 
solitary; in one, multilocular, and in one, multiple. 

The cause of death in most reported cases 8 was due to rapid extension 
ot the abscess, with frequent rupture of the abscess into a ventricle. In 
our third and fourth cases, rupture occurred into the lateral ventricles. 
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In all the cases, a purulent meningitis was present. In none was true 
encapsulation present. Kahn 9 is of the opinion that metastatic abscesses, 
with the exception of those associated with a generalized pyemia, are 
caused by mixed organisms and do not tend lo become encapsulated. In 
the eases reported in this series, anaerobic cultures of the evacuated pus 
were not obtained. Grant 2 states that the thorough walling off of a sub- 
cortical area of infection within the brain requires about four weeks from 
the onset of symptoms. In our six cases the duration of symptoms from 
onset to death ranged from five to twenty-three days. 

The ante-mortem diagnosis in each of our cases was a metastatic brain 
abscess whose site of origin was a chronic empyema. At post-mortem 
examination, however, the empyema cavity was found completely oblit- 
erated in four of the six eases; the pleurae 'were fused into a thick, 
heavily scarred layer and only a sinus track in the thoracic wall re- 
mained. These findings suggest that pleural infection was quite unlikely 
as the source of the brain abscess, at least in these four patients. Au- 
topsy did show that bronchiectasis was present in four of the six patients 
(Case 6 had, in addition, a thrombus in one of the small pulmonary 
veins) and that multiple, small microscopic pulmonary abscesses were 
present in the fifth case (Case 3). Only in Case 4 was chronic intrapul- 
monary suppuration absent; empyema was, therefore, the most likely 
source of the emboli to the brain only in this patient. 

Hedblom 10 reports 310 cases of chronic empyema with one death from 
a metastatic brain abscess. This is the only published report of the in- 
cidence of this complication in a given number of cases of chronic 
empyema. The status of the lung beneath the empyema pocket was not 
described. 

The reported incidence of empjmma in metastatic brain abscess has 
shown considerable variation in the reports of brain abscess associated 
with some form of intrathoraeic suppuration. In none of the reported 
figures are the empyemas classified as either acute or chronic and no ac- 
count is given of the pulmonary tissue adjacent to the empyema space. 
Schorstein, 7 in 1909, reported 19 cases of metastatic brain abscess from 
intrathoraeic suppuration, of which three are said to have resulted from 
empyema, an incidence of 15.7 per cent. In 1931, Evans 1 reported 22 
cases of brain abscess, five or 22.7 per cent occurring in the presence of 
empyema. In 1934, Cohen 3 reported 19 cases, four of which also had 
empyema, an incidence of 21.0 per cent, while Nickerson,® in 1935, found 
only one empyema in 12 cases of brain abscess, an incidence of only 
S 3 per cent. The metastatic abscesses not reported as due to empyema 
were assumed to have arisen from cither pulmonary abscess or bronchiec- 
tasis which was clinically present in the nonempyema eases. King, 8 in 
reviewing the reported cases of metastatic brain abscess from empyema 
or pulmonary suppuration in 1936, found only two patients living fol- 
lowin" operation for brain abscess that had occurred in the presence of 
empyema He assumed that the abscesses were well encapsulated in both 

cases. 
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BUXTON AND WHITE: 


In tlic above 72 collected cases with metastatic cerebral abscesses 
quoted from various authors, 82 per cent arose from intrinsic pulmonary 
suppuration and only 38 per cent, or 33 cases, were attributed to 
empyema. We are of the opinion that a high percentage of these 13 cases 
would have shown some degree of suppuration in the adjacent pulmonary 
tissue if this had been closely examined, and that if such pulmonary 
suppuration were present it was a more likely source of metastatic brain 
abscess than the empyema. 


SUMMARY 


1. During the years 1934 to 1941, inclusive, 343 cases of empyema have 
been admitted to the University of Michigan Hospital. Of this group, 
132 cases were considered chronic. Six of these patients with chronic 
empyema died of metastatic cerebral abscess, an incidence of 4.5 per cent. 

2. The six eases with their autopsy findings arc reported in detail. In 
four of the cases the previous empyema space was obliterated. Five of 
the six eases displayed varying degrees of chronic parenchymal pul- 
monary suppuration. This was considered a more probable source of 
emboli than the pleural infection. 

3. Adequate and dependent drainage of the empyema was established 
in four of the six cases after admission to the hospital. No definite 
correlation was noted between manipulation at the empyema drainage 
site and the onset of cerebral symptoms. 

4. In four of the reported eases the cerebral abscess was solitary; in 
one, multiple, and in one, mult ilocular. In none of the cases has en- 
capsulation of the abscess been present. All had a purulent meningitis 
and in two cases rupture of the abscess into the adjacent lateral ventricle 
occurred. 

5. In three cases of brain abscess exploratory craniotomy was done; 
in two of the cases the abscess was drained surgically, while in one the 
abscess was evacuated through the exploring needle. Appropriate 
chemotherapy with one of the sulfonamide compounds was carried out 
in these three cases. 
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In all the cases, a purulent meningitis was present. In none was true 
encapsulation present. Kalin® is of the opinion that metastatic abscesses, 
with the exception of those associated with a generalized pyemia, are 
caused by mixed organisms and do not tend to become encapsulated. In 
the cases reported in this series, anaerobic cultures of the evacuated pus 
were not obtained. Grant 2 states that the thorough walling off of a sub- 
cortical area of infection within the brain requires about four weeks from 
the onset of symptoms. In our six cases the duration of symptoms from 
onset to death ranged from five to twenty-three days. 

The ante-mortem diagnosis in each of our cases was a metastatic brain 
abscess whose site of origin was a chronic empyema. At post-mortem 
examination, however, the empyema cavity was found completely oblit- 
erated in four of the six eases; the pleurae were fused into a thick, 
heavily scarred layer and only a sinus track in the thoracic wall re- 
mained. These findings suggest that pleural infection was quite unlikely 
as the source of the brain abscess, at least in these four patients. Au- 
topsy did show that bronchiectasis was present in four of the six patients 
(Case 6 had, in addition, a thrombus in one of the small pulmonary 
veins) and that multiple, small microscopic pulmonary abscesses were 
present in the fifth case (Case 3). Only in Case 4 was chronic intrapul- 
monary suppuration absent; empyema was, therefore, the most likely 
source of the emboli to the brain onlj* in this patient. 

Hedblom 10 reports 310 cases of chronic empyema with one death from 
a metastatic brain abscess. This is the only published report of the in- 
cidence of this complication in a given number of cases of chronic 
empyema. The status of the lung beneath the empyema pocket was not 
described. 

The reported incidence of empyema in metastatic brain abscess has 
shown considerable variation in the reports of brain abscess associated 
with some form of intrathoracie suppuration. In none of the reported 


figures are the empyemas classified as either acute or chronic and no ac- 
count is given of the pulmonary tissue adjacent to the empyema space. 
Schorstein, 7 in 1909, reported 19 cases of metastatic brain abscess from 
intrathoracie suppuration, of which three are said to have resulted from 


empyema, an incidence of 15.7 per cent. In 1931, Evans 1 reported 22 
cases of brain abscess, five or 22.7 per cent occurring in the presence of 
empyema. In 1934, Cohen 3 reported 19 cases, four of which also bad 
empyema j an incidence of 21.0 per cent, while Nickerson/' in 1935, found 
only one 'empyema in 12 cases of brain abscess, an incidence of only 
S3 per cent The metastatic abscesses not reported as due to empyema 
wore assumed to have arisen from either pulmonary abscess or bronehicc- 
Lis which was clinically present in the nonempyema eases. King/ in 
,,-innr the renorted cases of metastatic brain abscess from empyema 
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NaCl solution. The thromboplastin suspension was incubated ior ten 
minutes at 50 to 55° C. with intermittent stirring. The supernatant 
fluid was decanted after standing ten minutes at room temperature and 
.vas mixed with an equal volume of CaCL solution. 

3,3'AIethylene-bis-(4-hydroxyeoiimarin) c in 0.1 and 0.2 per cent con- 
centrations was suspended in 2 per cent acacia. This suspension was ad- 
ministered orally with a syringe and a blunt 18 gauge needle. The mice 
received from 10 to 100 mg. per kg. daily for three days and the tests 
were performed on the fourth day. After the tests were completed the 
animals were sacrificed and examined grossly for evidence of subcu- 
taneous hemorrhage. 

RESULTS 

The normal bleeding time varied from 27 to 222 seconds in this group 
of mice, which was in agreement with previous findings. 4 Coagulation 
time with the capillary method ranged from 60 to 255 seconds with an 
average of 153.4 seconds. Prothrombin time in 62 duplicate tests was 
15 to 28 seconds with an average of 22.4 seconds. When the bleeding 
time and the coagulation time were longer than 300 seconds, the values 
were considered significantly prolonged. Prothrombin time longer than 
30 seconds was considered abnormal. 

Results on 10 mice which received 4.S to 6.0 mg. of 3,3'-methylene-bis- 
(4-hydroxycoumarin) orally per 20 ftm. of mouse weight within a period 
of 72 hours are tabulated in Table I. The results show normal variation 


Table I 

Bleeding, Coagulation, and Prothrombin Time in Mice Before and After the 
Oral Administration or 3.3'-METirvr J E.\w-Bis-(4-Hv»RoxvcocMARix) 
for Three Days 


MOUSE 

NUMBER 


11 

43 

44 

2 

1 

6 

31 

35 

26 


BLEEDING 

TIME 

(SEC- 

ONDS) 

COAGULA- 

TION 

TIME 
(SEC- 
ONDS ) 

PRO- 
THROM- 
BIN TIME 
(SEC- 
ONDS) 

TOTAL dose 
PER 20 GM. 
(WEIGHT 

IN MG. ) 

BLEEDING 

TIME 

(SEC- 

ONDS) 

124 

185 

26 

4.8 

120 

420 

66 

130 

IS 

4.S 

34 

480 

7o 

165 

20 

4.8 

45 

300 

42 

00 

21 

4.8 

190 

118 

S7 

85 

23 

4.8 

55 

120 

9f> 

195 

25 

0.0 

780 

13S 

180 

24 

0.0 

136 

360 

67 

168 

24 

6.0 

>900 


122 

21 

0.0 

105 

115 

190 

178 

21 

6.0 

ISO 

120 


rO.iG ELA- 
TION 
TIME 
(SEC- 
ONDS’) 

PRO- 
THROM- 
BIN TIME 
(SEC- 
ONDS) 

105 

28 

158 

24 

495 

169 

S70 

109 

1030 

14S 

301 

1200 

47 

>180 

1500 

65 

>180 

26 ■ 

93 

22 


■Supplied kind!}- by Dr. J. F. Bielm, Abbott Laboratories, North Chicago, 111, 



BLEEDING TIME IN MICE FOLLOWING THE ORAL 
ADMINISTRATION OF 3,3'-METHYLENE-BIS- 
( 4-HYDROXY COUMARIN) 

Joseph J. Lalich, M.D.,“ M\rgaret H. Lvlich, B.S., and 
Alfred L. Copley, M.D.,t Kansas City, Kansas 

(Fiom the Exxon Laboratory for Hectical Keseaich , Unheisity of Kansas, 
School of Mechcme) 

T INK and his associates 1 showed that the hemorrhagic agent in 
-* — ' spoiled sweetclover hay prolonged the prothrombin time in animals. 
Butt and co-workers 2 and Bingham and co-workers, 3 following the ad- 
ministration of the hemorrhagic agent to human beings and dogs, ob- 
served prolongation of coagulation and prothrombin times. We found 
that excessive doses of heparin injected subcutaneously into mice pro- 
longed the coagulation time and in some cases the bleeding time. 4 There- 
fore, it was of interest to determine if the hemorrhagic agent identified 
by Stahmann, Huebnfer, and Link, 5 v hen administered orally to mice, 
would affect the bleeding time. The coagulation and prothrombin times 
v ere compared with the bleeding time to evaluate better the degree of 
bleeding tendency produced by this substance. 


METHODS 

Bleeding times were determined as previously described. 4 Coagulation 
times were done by the capillary method on blood from the tip of the 
mouse’s tail. 

Prothrombin times were performed on oxalafed blood drawn from the 
mouse’s heart. No difficulty was encountered with this test. Values 
will check closely if the following procedure is adhered to for the amount 
of sodium oxalate used. A 1 c.c. syringe with a 23 gauge needle was 
rinsed in distilled water. Sodium oxalate was drawn to the 0.2 c.c. 
mark and then the syringe was emptied. The volume of sodium oxalate 
which remained in the needle was found to be 0.03 c.c. With this volume 
of sodium oxalate, 0.2 e.c. of blood was diluted and mixed in the syringe. 
Prothrombin time studies weie done m duplicate tests on 0.1 e c. of blood 
placed on dry glass spot plates. A mixture of 0.2 e.c. of equal parts ol 
rabbit brain thromboplastin suspension and CaOL solution was added 
The protluombin time was determined by probing (be contents on the 
s rot plate with a pointed glass tod The salt solutions and the thrombo- 
S hastinused in this study were prepared as described by Quick." Rabbit 
brain thromboplastin, 100 mg., was suspended in 3 c.c. oi 0.!) per cent 
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prothrombin time in these groups was in excess of three minutes. Two 
mice bled 300 and 300 seconds; they also had prolonged coagulation and 
prothrombin times (Groups 11 and 17). Three mice hied from 4S0 to 
S70 seconds (Group 5) ; one mouse which was tested had a normal co- 
agulation time; the other two died soon after the bleeding time test, from 
blood loss. Two mice had prolonged bleeding time with normal coagula- 
tion and prothrombin times (Group 10). Two mice had prolonged bleed- 
ing time with normal coagulation time and slightly prolonged prothrom- 
bin time (Group 16) . Eleven mice had normal bleeding time and mark- 
edly increased coagulation and prothrombin times (Groups 6, 12, 14, 
and IS). Only one mouse exhibited a prolonged prothrombin time, while 
the other tests were normal (Group 7). At autopsy 14 of the 41 mice 
which were examined had hematomas. Some animals had from one to 
several hematomas, varying in size from a few millimeters to one centi- 
meter in diameter, usually just beneath the skin. They were found on 
the feet, legs, back, abdomen, neck, and ears. Out of 25 mice with pro- 
longed bleeding or prothrombin times, 12 mice had hematomas. In the 
remaining 16 mice with normal prothrombin, coagulation, and bleeding 
times, two mice had hematomas. 

DISCUSSION 

The hemorrhagic agent, when given in adequate doses, will prolong the 
bleeding time in mice. The mechanism by which 3,3'-methylenc-bis- 
(4-hydroxycoumarin) prolongs bleeding in mice is not understood at 
present. It is certain that heparin prolongs the coagulation of blood 
in a different way than the hemorrhagic agent, due to the immediate anti- 
coagulant action of heparin in vivo and in vitro, and because it does 
not affect the prothrombin time. The hemorrhagic agent, on the other 
hand, increases both the coagulation and the prothrombin time in vivo. 
Link and associates 7 suggested, from dilution studies on normal and 
pathic rabbit plasmas, that the action of 3,3'-methylene-bis-(4-hydroxv- 
coumarin) was not necessarily restricted to the prothrombin time mech- 
anism. Even though we did not do dilution studies on mouse’s heart 
blood, we believe that when our values were in excess of 30 seconds tliev 
were significantly prolonged. 

It is difficult to offer an explanation for the lack of correlation between 
the bleeding time and the coagulation and prothrombin times in some of 
the animals. In those instances where the bleeding time was normal 
with prolonged coagulation and prothrombin times, long bleeding times 
might have followed one or more normal bleeding time values. lYe 
did not subject the animals to more than two bleeding time tests, since 
excessive blood loss could have affected the coagulation and prothrombin 
times, which were done after the bleeding time tests. Link and associates 7 
observed whole plasma prothrombin times of approximately 10 minutes 
in dogs, and in excess of 250 seconds (12.5 per cent plasma) in rabbits 
and rats without any tendency to hemorrhage, following large doses of 
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in bleeding time, coagulation time, and prothrombin time, and the effect 
of the hemorrhagic agent on these tests. Mice 11 and 43 showed pro- 
longed bleeding time with normal coagulation time and prothrombin 
time. Usually, we found when one of the tests was normal, the re- 
maining two were also in the normal range as indicated by Mice 26 and 
37. However, mice were found in which the prothrombin time and the 
coagulation time were prolonged while bleeding time was normal (Mice 1 
and 2). Most frequently, however, when the bleeding time was pro- 
longed, the coagulation time and the prothrombin time were also in- 
creased (Mice 6, 31, 35, and 44). Table I shows that a marked disparity 
can occur between duplicate bleeding time tests. In some animals a 
prolonged bleeding time was present with the first pricking (Mice 6 
and 35) ; in other instances, however, it was necessary to prick the 
mouse a second time to induce long bleeding (Mice 11, 31, 43, and 44). 


Tabi/t, n 


Comparative Studies of Different Tests ok Mice Which Received 3,3'-Metii- 
YLENE-BlS-(4-HYDROXYCOUJIAKIN) ORALLY FOR THREE DAYS 


GROUP 

NUMBER 

OF 

MICE 

MG./KG. 

DAITjY 

RANGE OF 

BLEEDING 

TIME 

(SECONDS) 

RANGE OF 
COAGULATION 
TIME 

(SECONDS) 

RANGE OF 

PROTHROM- 
BIN TIME 

(seconds) 

HEM 

POSI- 

TIVE 

VTOMA 

NEGA- 

TIVE 

i 

7 

■■ 


45- 139 



■mh 

2 

7 



70- 230 




3 

G 

Hi 


44- 312 




4 

1 

GO 

> 900 

417 

D 


■ ChayU 

5 

3 

GO 

4SO-S70 

211“ 

V 



G 

o 

GO 

193-2S5 

4S0- S70 

127->1S0 


KM 

7 

i 

GO 

04 

5S 

42 


l 

S 

s 

GO 

GO-232 

So- 215 

IS- 24 


S 

9 

1 

SO 

> 900 

D 

D 

i 


10 

o 

SO 

420-4S0 

15S- 105 

24- 2S 

i 

i 

11 

i 

SO 

300 

495 

109 



12 

4 

SO 

03-154 

000-1590 

149->1S0 



33 

4 

SO 

C0-1S0 

125- 25G 

o*>. 



14 

4 

80 
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*Done on one mouse because the remaining mice in the group died. 


D. Died. 

Longest bleeding time value was taken if there was a disparity between duplicate 
tests. 


Table II summarizes (lie effect of various doses of tlie hemorrhagic 
„ on t on the bleeding time, coagulation time, prothrombin time, and 
hematoma formation in 62 mice. Thirty-five mice which were treated 
j.ji -jq j 0 joo mg. per kg. did not exhibit any changes in either the bleed- 
Coagulation, or the prothrombin times (Onmps J, 2, 3, S, 13. and 1!)). 
t/7’i mmd values in one or more tests occurred in the remaining 27 mice, 
n WlS mice which received from (if) to 100 mg. per kg.. !.'» mice had 
HU ° V inn "cr than 300 seconds. Six mice given tin's treatment 
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( !ays bleeding was frequently initialed; These findings on clot resislanee 
indicate that the hemorrhagic agent may prolong bleeding and impair 
both the firmness of the dot and its ability to adhere to the skin wound. 

Hematomas were the only clinical manifestation effected by the hem- 
orrhagic agent. In Group S negative tests corresponded with the absence 
of hematomas, although this was not the ease in two animals in Group 19 ; 
we found hematomas even when the bleeding time, coagulation and pro- 
thrombin times were normal. They were not, on the other hand, always 
present when one or more tests exhibited abnormal values. It must be 
borne in mind that the origin of hematoma formation was not known. 
It may be assumed that the occurrence of a hematoma could he due to 
trauma in those animals which acquired a hemorrhagic tendency after 

treatment with 3,3'-methylene-bis-(4-hydroxycouniarin). 


SUMMARY 

1. A prothrombin time test was developed in mice, using 0.1 c.e. heart 
blood. Prothrombin time values ranged from 15 to 28 seconds and 
averaged 22.4 seconds. 

2. Following oral administration of 60 to 100 mg. per kg. of 3,3'- 
methylene-bis-(4-hydroxyeoumarin) over a period of three days, the 
bleeding time was prolonged in some of the mice. 

3. Comparison of bleeding time with coagulation and prothrombin 
times showed a lack of correlation in many of the mice. Some animals 
had prolonged bleeding times with normal coagulation and prothrombin 
times, while others had prolonged coagulation and prothrombin times 
with a normal bleeding time. 

4. Hematomas were more frequently found in mice with prolonged 
bleeding time or prothrombin time than in mice with normal values. 

5. The relation of bleeding time and prothrombin time to hemorrhagic 
tendency was discussed. It appeared that still other factors which were 
discussed are involved in hemostasis. 

We are indebted to Dr. Karl Paul Link who kindly sent to one of us (A. L. C.) 
his unpublished paper, which was helpful in the interpretation of our results. 
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3.3 -methylene-bis- (4-liydroxyeoumarin). These findings demonstrate 
flint the prothrombin time may not necessarily indicate a bleeding 
tendency. The phenomenon of prothrombin time is not well under- 
stood at present. One of ns (A. L. C.) advanced the view that inactive 
thrombin, which is present in the circulating blood, plus a complemen- 
tary factor constitute the prothrombin eomplex. s Prothrombin is only 
a precursor of thrombin in that in the heparin-protlirouibin complex, 
preformed thrombin is inactivated by antithrombin which is composed 
of heparin and the complementary factor. Thromboplastin in the pres- 
ence of calcium and the complementary factor has its neutralizing 
effect upon heparin, thus activating the thrombin. On this basis it was 
assumed that the prothrombin time expresses the speed with which the 
activation of thrombin occurs and the degree of concentration of the 
activated thrombin from the prothrombin complex. The prothrombin 
time, therefore, does not necessarily measure the prothrombin content. 

It is quite possible that still another factor, probably present in the 
skin, 4 functions in the mechanism of hemostasis. Even though the skin 
(or tissue) factor is a hypothetical substance, we believe it may well play 
a role in either prolonged or normal bleeding in mice which receive the 
hemorrhagic agent. It may be that excessive amounts of the skin factor 
are present in mice with normal bleeding time and prolonged coagulation 
and prothrombin times. Likewise, decreased amounts of the skin factor 
may be present in mice with long bleeding time and normal coagulation 
and prothrombin times. Experiments in heparinized mice suggest that 
variable amounts of the skin factor are present. 4 

AYe found no petechiae in our mice during life or at autopsy: neither 
were we able to find any reference in the literature-' 3 regarding petechiae 
in human beings after treatment with the hemorrhagic agent. AVe doubt 
that the hemorrhagic agent exerts a loosening effect on the cement sub- 
stance of the capillary endothelial cells. Bingham. A lever, and Pohle 3 
reported that arteriolar, capillary, and venule dilatation occurred in 
doss which received the hemorrhagic agent. It may well be that pro- 
longed bleeding may follow dilatation of the smaller vessels: however, 
we feel that a more likely explanation for the prolonged bleeding is due 
to changes in the characteristics of the clot. AVe believe heparin and 
the hemorrhagic agent may delay the hemostasis which more adequately 
is measured by the clot resistance test 1 '-” in vivo and the clot firmness 


test in vitro. 13 

The following method of clot resistance was used to determine the abil- 
itv of the clot to resist increases in venous pressure in mice." The venous 


middle portion of the mouse s tail with a stylet measuring 0.5 by 15 mm. 
'' * t0 m iew bleeding, a euff pressure oi /o mm. ot Ilg was 

In an at t I wound from IS to 34 minutes after bleeding bad 

applied pi o. ‘ normaI nl ; ee this pressure provoked bleeding in 5.5 

stopped, ttu • treated with the hemorrhagic agent for three 

per cent, whereas m mice 


, was determined after transversely cutting a vein in the 
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days bleeding was frequently initiated. These findings on elot resistanee 
indicate that tlie hemorrhagic agent may prolong bleeding and impair 
both the firmness of the elot and its ability to adhere to the skin wound. 

Hematomas were the only clinical manifestation effected by the hem- 
orrhagic agent. In Group 8 negative, tests corresponded with the absence 
of hematomas, although this was not the case in two animals in Group 19 ; 
we found hematomas even when the bleeding time, coagulation and pro- 
thrombin times were normal. They were not. on the other hand, always 
present when one or more tests exhibited abnormal values. Jt must be 
borne in mind that the origin of hematoma formation was not known. 
It may be assumed that the occurrence of a hematoma could be due to 
trauma in those animals which acquired a hemorrhagic tendency after 
treatment with 3,3'-methylene-bis-(4-hydroxyeoumnrin). 


SUMMARY 

1. A prothrombin time test was developed in mice, using 0.1 c.e. heart 
blood. Prothrombin time values ranged from If) to 2S seconds and 
averaged 22.4 seconds. 

2. Following oral administration of 60 to 100 mg. per leg. of 3,3'- 
methylene-bis-(4-hydroxycoumarin) over a period of three days, the 
bleeding time was prolonged in some of the mice. 

3. Comparison of bleeding time with coagulation and prothrombin 
times showed a lack of correlation in many of the mice. Some animals 
had prolonged bleeding times with normal coagulation and prothrombin 
times, while others had prolonged coagulation and prothrombin times 
with a normal bleeding time. 

4. Hematomas were more frequently found in mice with prolonged 
bleeding time or prothrombin time than in mice with normal values. 

5. The relation of bleeding time and prothrombin time to hemorrhagic 
tendency was discussed. It appeared that still other factors which were 
discussed are involved in hemostasis. 

"We are indebted to Dr. Karl Paul Link who kindly sent to one of us (A. L. C.) 
his unpublished paper, which was helpful in the interpretation of our results.* 
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A NEW METHOD OF SKIN PROTECTION FOR ILEOSTOMIES 

AND COLOSTOMIES 

David Presman, M.D., Chicago, III. 

(Fiom the Department of Surgery, Mount Sinai Sospital) 

/''ANE of the most annoying complications following an ileostomy or 
^ colostomy is the irritation caused by the constant contact of the 
surrounding skin with the discharging fecal material. It is during the 
immediate postoperative period, before a suitable bag can be fitted be- 
cause of edema of the stoma, that this complication is most likely to 
occur. The resultant maceration of the skin may become so extensive as 
to cause the patient more pain and discomfort than the original dis- 
ease. 

We have attempted to prevent this condition by utilizing the various 
ointments (zinc oxide, vaseline, aluminum paste, etc.) recommended in 
standard texts but have not had much success. The diarrhea that oc- 
curs even with the use of a proper diet and constipating medication 
washes away the ointment in a short time and exposes the skin to the 
irritating action of the stool. Even with a more solid stool, the admixture 
of the ointment and feeal material directly on the skin makes the chang- 
ing of dressings a slovenly procedure for the nurse and an unpleasant 
one for the patient. 

Following the suggestion of DeBakey and associates, 1 we tried using 
a solution of vinyl ite resin’' for this purpose but found that this also 
could not withstand the continual washing effect of the fecal material. 
However, on mixing collodion with the vinylite resin an excellent, thick, 
impermeable transparent film is obtained which is easy to apply and 
adheres closely to the skin. Since we have been using this solution, the 
absence of skin irritation in all types of enterostomies lias been striking 
and a source of gratification to both patient and surgeon. 

The formula used is as follows : 

Vinylite resin 25 Gin. 

Acetone 100 c.e. 

Collodion 25 c.c. 


DIRECTIONS TOR USE 

1 The first application of the solution is best done immediately prior 
to opening the enterostomy 

2 \nv ointment which is present is completely removed and ail ot 
the skin area completely cleansed with ether and acetone. 

— , , supplied through the courtew of the Carhop and Carbide 

•This material i ‘ n * c|l / cap0i ju. 

Che T’ iC . a for pubdeation, June 1, »«• 
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3. The solution is poured on the skin around the incision and smeared 
evenly with an applicator or tongue depressor. The sides of the ex- 
teriorized bowel may be covered with the solution without any harmful 
effect. 

4. At least ten to twenty minutes must be allowed for thorough dry- 
ing of the solution and the formation of an adequate film. 

5. The bowel is then opened and a dry sterile dressing applied. 

6. The solution is reapplied without removing the previous coats as 
often as necessary depending upon the consistency and amount of t ho 
fecal drainage. This may vary from several times daily to once every 
few days. 

The solution may also be used to advantage for protection of the skin 
in cases of fecal fistulas and profusely draining infected wounds. 
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PRINCIPLES IN THE PROTECTION OF PATIENTS WHO 
RECEIVE BLOOD 

Paul Hoxworth, Cincinnati, Ohio 

(From the Department of Surgery, College of Medicine of the University of 
Cincinnati, and the Cincinnati General Hospital) 

D URING the past ten years there has been a marked increase in the 
number of blood transfusions in almost all hospitals, since indica- 
tions for their use have become more generally and clearly understood. 
This is particularly true in surgery. The value of blood therapy in 
controlling fluid balance, in nutrition, in the treatment of traumatic 
and thermal shock, in hemorrhage, in infection, and in wound healing 
is much better known and is becoming still more widely recognized. 

Most surgeons show little interest in and lack knowledge of the care- 
ful laboratory work necessary before blood can be given safely in trans- 
fusion. The laboratory is too often considered a remote agency en- 
trusted with a trivial routine responsibility, that of grouping and match- 
ing blood prior to transfusion. Moreover, the surgeon is inclined to 
give uncritical acceptance to those methods in use in the hospital. Yet 
in the smaller hospitals the responsibility for selection of blood usually 
falls to a house doctor, who was exposed to the theories and technique of 
grouping and matching for one morning during the sophomore year of 
his medical school training, and in the larger hospitals to a technician 
burdened with too many duties to give special thought to one problem. 

Details of preoperative preparation, operative procedure and tech- 
nique, and postoperative management, including nursing care, are sub- 
jected to critical supervision by the attending surgeon. Yet all these ef- 
forts to apply the best known standards of safety may be and frequently 
are neutralized, either by delay as a result of uncertainty in the laborn- 
torv or bv an error which precipitates a hemolytic transfusion accident. 
Just seven years ago at the Cincinnati General Hospital a young woman 
came to thoracoplasty after sanatorium management had proved to be 
inadequate. She received careful preoperative preparation, good anes- 
thesia, and excellent surgery. She died during her first postoperative 
lav shortly after receiving 300 e.e. of incompatible blood in transfusion. 

k of the grouping and direct match tests showed agglutination 
r uTdnnor cells at the end of one hour by both the anti-A test serum 
01 1 + 1 voeinient ’s serum. This was not detectable at the. end of one- 
aIK f 1 • The methods and materials which had been provided and 
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which had proved adequate for the usual blood specimen lmd been ac- 
cepted uncritically by the surgical house officer responsible foi the a 
oratory work. 

Since that time I have been intimately connected with the laboratory 
aspect of blood transfusion. As volunteer director of the Red Cross 
Blood Transfusion Service which was developed in the department of 
surgery of the University of Cincinnati and which serves the entire Cin- 
cinnati area, I have had an opportunity to encounter many problems at 
the Cincinnati General Hospital and fourteen other hospitals, concern- 
ing the grouping and matching of blood. It becomes of importance to 
relate some of the pitfalls which have come to my attention so frequently 
that I cannot help hut believe that proper standards of safety are fre- 
quently ignored. 

The purpose of this article is to draw the attention of clinicians to 
the causes of frequent accidents and delays which for the most part 
could be avoided. 

As a result of our experience with a carefully supervised series of 
more than 12,000 blood transfusions given during four years we have 
concluded that the vast majority of transfusion accidents and delays 
are due to a lack of knowledge and application of the following prin- 
ciples. 

1. The Use of Test Scrums of High Titer . — The titer of a and b agglu- 
tinins and A and B agglutinogens in the blood of individuals is known 
to van- widely. Despite this, it is common practice in many hospitals 
to select group A and group B individuals as donors for test serums 
merely because the agglutinating effect of their serums on one or two 
specimens of antieells appears to he quite pronounced. Test serums 
selected in this manner may fail or offer poorly defined criteria of agglu- 
tination when placed with A or B cells with less pronounced agglutino- 
gen activity. Borderline criteria of agglutination may result in errors 
in grouping or delay in providing blood due to uncertainty in the lab- 
oratory. During the past year two cases have come to our attention in 
which donors of subgroup A„ were grouped as 0 for this reason. In 
each case the group A blood was given to a group 0 recipient, resulting 
in death of the recipient. 

Unfortunately, reliance cannot always he placed upon the agglutinin 
titer of commercially prepared test serums. All test serums to he used, 
whether prepared in the hospital or in the commercial laboratory, should 
be selected because of superlative agglutinin titer. Determinations may 
be made by the use of the Coca 1 method of slide titration or by the 
method of serial titration. 2 Definitions of safe titers have been made 
repeatedly 3 hut very few laboratory technicians know the titer of the 
test serums which are in current use in their own laboratories. 

2. Failure to Observe a Well-Known Principle of Agglutination. 

It is a vei'y common practice to select a group 0 donor for a group AB 
recipient if a member of the latter blood group is not available. The 



Recent Advances in Surgery 


Conducted bt Alfred Blalock:, M.D. 


PRINCIPLES IN THE PROTECTION OF PATIENTS WHO 
RECEIVE BLOOD 

Paul I-Ioxworth, Cincinnati, Ohio 
(From the Department of Surgery , College of Medicine of the University of 
Cincinnati, and the Cincinnati General Hospital) 

D URING the past ten years there has been a marked increase in the 
number of blood transfusions in almost all hospitals, since indica- 
tions for their use have become more generally and clearly understood. 
This is particularly true in surgery. The value of blood therapy in 
controlling fluid balance, in nutrition, in the treatment of traumatic 
and thermal shock, in hemorrhage, in infection, and in wound healing 
is much better known and is becoming- still more widely recognized. 

Most surgeons show little interest in and lack knowledge of the care- 
ful laboratory work necessary before blood can be given safely in trans- 
fusion. The laboratory is too often considered a remote agency en- 
trusted with a trivial routine responsibility, that of grouping and match- 
ing blood prior to transfusion. Moreover, the surgeon is inclined to 
give uncritical acceptance to those methods in use in the hospital. Yet 
in the smaller hospitals the responsibility for selection of blood usually 
falls to a house doctor, who was exposed to the theories and technique of 
grouping and matching for one morning during the sophomore year of 
his medical school training, and in the larger hospitals to a technician 
burdened with too many duties to give special thought to one problem. 

Details of preoperativc preparation, operative procedure and tech- 
nique, and postoperative management, including nursing care, are sub- 
jected to critical supervision by the attending surgeon. Yet all these ef- 
forts to apply the best known standards of safety may be and frequently 
are neutralized, either by delay as a result of uncertainty in the labora- 
tory or by an error which precipitates a hemolytic transfusion accident. 
.Tust seven years ago at the Cincinnati General Hospital a young woman 
came to thoracoplasty after sanatorium management had proved to he 
inadequate. She received careful preoperativc preparation, good anes- 
thesia, and excellent surgery. She died during her first postoperative 
- shortly after receiving 300 c.c. of incompatible blood in transfusion. 
•r 3 " 1 1- of the grouping and direct match tests showed agglutination 

^ eC ' \ ce p s the end of one hour hv both the anfi-A test scrum 

° f iTl e Recipient’s scrum. This was not detectable at the end of one- 
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If the blood is needed urgently, this confusion becomes hazardous. In- 
creased time and expense affect the laboratory. 

We have observed many such situations and they arise most fre- 
quently in the following circumstances: 1. Occasional effect of sulfona- 
mide blood concentration; 2. sepsis with high sedimentation rates; 
3. severe hemorrhage and other extreme anemias; 4. lcucemia; o. cold 
agglutinations due to tire use of icebox samples in the test. 

False agglutination due to these conditions can be promptly distin- 
guished from true agglutination in practically all eases by the use of the 
following laboratory principles. First, by performing the direct match 
test with an open technique on a slide and stirring to break up the 
clumps under the microscope. In true agglutination agitation by stir- 
ring produces more marked agglutination. If specimens on a slide arc 
placed under moist Petri dishes, this technique is possible. Sealed cover 
slip preparations for compatibility tests make it impossible. Second, 
microscopic examination of the patient’s blood diluted in saline solu- 
tion will in the above situation show the same false agglutination effect. 

5. Performance of Compatibility Tests Before All Transfusions, Even 
Though the Blood Is of the Same Group. — Recently a case came to our 
attention in which a recipient of blood group A = B was given two trans- 
fusions of group B blood because AB blood was not available. Twenty- 
four hours later a succeeding compatibility test with group AB blood 
showed incompatibility. This was presumably due to an accumulation 
of anti-A antibodies of sufficient potency to agglutinate the A cells in 
the blood which was being tested. 

In some hospitals compatibility tests are not performed, reliance being 
placed wholly upon the grouping and the transfusion of like groups. 
The known existence of rare atypical agglutinins and the possibility of 
the ever present human factor of error in determining blood groups make 
it necessary that compatibility tests be performed in order to safeguard 
the patient receiving blood. 

6. The Use of Bh- Donors. — Recently unquestionable evidence that 
hemolytic transfusion reactions occasionally may be caused by incom- 
patible Rh factors has been produced. 4 Routine tests to distinguish 
Rh+ from Rh- red cells are impracticable at present because of the 
extreme difficulty in providing anti-Rh serums in amounts that would be 
required. It is possible for the hospital laboratory to secure a small 
amount of anti-Rh serum and to maintain a list of Rh- donors. It is 
also possible to perform modified direct match tests for anti-Rh factors. 5 
These should be reserved for use (1) for patients who are or who have 
been recently pregnant, (2) for patients who are receiving multiple 
transfusions over periods of days, and (3) for the newborn with ery- 
throblastosis fetalis. 


326 


SURGERY 


principle of dilution is relied upon to inactivate incompatible a and b 
agglutinins in the donor’s serum. In the past year one ease has come, 
to our attention in which this factor resulted in death because the a ag- 
glutinin in the serum of the donor was of unusually high titer. Similar 
cases are reported in the literature. If group A donors are selected 
for group AB individuals, only one incompatible antigen-antibody com- 
plex is present and its potency may be determined easily by the use of a 
simple quantitative direct match test. 

3. Close Observation of the Patient During Transfusion . — With the 
advent of blood banks and the increased requirement, blood transfusion 
has become very commonplace and informal. In many instances the 
transfusion is begun and a busy intern feels it necessary to leave in 
order to accomplish other work. Unfortunately, mistakes in grouping 
and matching of blood and confusion of specimens in the laboratory do 
occur. This is particularly true where blood banks are in operation, 
despite careful regulation, and may result in transfusion of incompatible 
blood. Early symptoms may not appear in a hemolytic transfusion 
reaction, but they frequently do, and the interruption of the transfu- 
sion by the attending physician may be lifesaving. Two cases which 
occurred at the Cincinnati General Hospital are in striking contrast 
and serve to illustrate the importance of close early observation. 

No. 1. — A group A blood was given to a patient belonging to group 0. Seventy- 
five cubic centimeters were given when the patient complained of paresthesia in the 
extremities and precordial pain and the transfusion was interrupted. Later oliguria, 
hemoglobinuria and uremia and laboratory recheck established the diagnosis of a 
hemolytic transfusion reaction. The patient recovered. 

No. 2. — A group A blood was given to a patient belonging to group B, due to 
confusion of specimens. The transfusion was begun and the patient was not ob- 
served by a physician throughout. He received 500 c.c. of incompatible blood. 
Anuria and death due to uremia followed. 


Although there are many factors contributing to the severity of a 
reaction other than the amount of incompatible blood which a patient 
receives, it is reasonable to believe that interruption of a blood trans- 
fusion after only a few cubic centimeters of incompatible blood have 
been given affords more chance for recovery. If early mild subjective 
complaints or objective signs are to be regarded as contraindications 
for continuing transfusion, it is difficult to condone any practice wherein 
a physician is not observing the patient carefully. 

4 Delays in the Laboratory Due to False Agglutination Being Inter- 
■eted os True Agglutination. — Almost every week a case comes 1o our 
P ' e C L 5n which donor after donor of the same Wood group as the 
at.ten ed ))V a ] a l, oratory because false aggliiliualion is inlei- 

patmn , i. .^intinalion in the direct match tost. The causative 

protect as ‘C non icnon are almost always attached to the blood of 
factors oi t 1 ous saTn ples of compatible blood arc rejected, 

the patient ana 
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Ophthalmology and Otolaryngology. A manual prepared and edited by the Sub- 
committee on Ophthalmology and Otolaryngology of the Committee on Surgery 
of the Division of Medical Science? of the National Research Council. Harry 
S. G radio, Chairman of Ophthalmology; Harris P. Mosher, Chairman for Oto- 
laryngology. Volume II, Military Surgical Manuals. Pp. .131, with 120 illustra- 
tions. Philadelphia and Condon, 1942, IV. B. Saunders Company. Cloth. $4.00, 

This is the second volume in the series of six volumes comprising twelve military 
surgical manuals which are being developed under the auspices of the Division of 
Medical Sciences of the National Research Council. These manuals arc to furnish 
the Medical Departments of the United States Army and Navy with a digest of 
necessary information in tlie field of military surgery. Most of the manuals deal 
with highly specialized surgical subjects. The digest of present-day information is 
to help the Army or Navy surgeon to apply shill when the necessity arises, to a. field 
which may not be his own. 

This volume gives approximately equal space to ophthalmology and to otolaryn- 
gology. The eight chapters on ophthalmology arc contributed by five well-known 
oculists. The subject matter deals with functional testing, examination of the eye, 
acute visual disturbances, acute inflammations, injuries, medical treatment, local an- 
esthesia about the orbit, and surgical procedures. 

The section on otolaryngology is divided into seventeen chapters contributed by 
twelve otolaryngologists of note. A variety of subjects are discussed: primary 
treatment of gunshot wounds of the face, the ear in general, fractures of the tem- 
poral bone and of the cribriform plate, injuries to the labyrinth and labyrinthine 
function, group testing of hearing, malingering, roentgenologic diagnosis of petro- 
sitis, the ear in military aviation, re-education of the deafened soldier, re-education 
for speech defects, the nose and throat in general, paralysis in connection with 
wounds in the throat, infections of the throat, chemotherapy, injuries of the esopha- 
gus, and injuries of the larynx, hyoid bone, and trachea. 

Tills small manual seems to fulfill the purpose for which it is intended, a brief 
digest of up-to-date information on the ophthalmologic and otolaryngologic problems 
of the military surgeon, not the specialist in these fields, but the nonspecialist. 


War Medicine. A Symposium edited by IV. S. Pugh, Commander, U. S. N., for 
the Philosophical Library. Pp. 563, illustrations, 76. New York, 1942, 1'. Hub- 
ner and Company, Xne. 

This volume represents a symposium of articles dealing with medical military 
subjects, as selected from the current medical journals of America and Britain. 
Under the editorship of W. S. Pugh, Commander, U. S. N., retired, fifty-seven ar- 
ticles have been chosen for inclusion in the hook, and have been arranged in three 
sections, namely, Surgery, Aviation and Naval Medicine, and General Medicine. 
The subjects or articles selected represent a splendid variety of subjects which 
would be of vital interest to medical officers on duty. 

Naturally, in a symposium of this type there can be no correlation of material 
such as would be achieved by one author. Moreover, since the material is pre- 
sumably not edited from the standpoint of scientific statements, numerous errors 
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SUMMARY AND CONCLUSIONS 

The difficulties in blood transfusion outlined above are more common 
than is generally supposed and most of them can be corrected by better 
observance of the known standards of safety. This requires (1) the 
use of test serums of highest titer, (2) a more popular knowledge and 
application of the established principles of hemagglutination, and (3), 
close observation of the patient during transfusion as added insurance 
against laboratory error. 
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Ophthalmology and Otolaryngology. A manual prepared and edited by the .Sub- 
committee on Ophthalmology and Otolaryngology of the Committee on Surgery 
of the Division of Medical Sciences of the National Kes-enrch Council. Harry 
S. Cradle, Chairman of Ophthalmology; Harris P. Mo.-dier, Chairman for Oto- 
laryngology. Volume II, Military Surgical Manuals. Pp. S3], with 320 illustra- 
tions. Philadelphia and London, 1032. IV. B. Saunders Company. Cloth. $4.00. 

This is the second volume in the series of six volumes comprising twelve military 
surgical manuals which are being developed under the auspices of the Division of 
Medical Sciences of the National Hesearcli Council. These manuals are to furnish 
the Medical Departments of the United States Army and Navy with a digest of 
necessary information in the field of military surgery. Most of the manuals deal 
with highly specialized surgical subjects. The digest of present-day information is 
to help the Army or Navy surgeon to apply skill when the necessity arises, to a field 
which may not he his own. 

This volume gives approximately equal space to ophthalmology and to otolaryn- 
gology. The eight chapters on ophthalmology are contributed by five well-known 
oculists. The subject matter deals with functional testing, examination of the eye, 
acute visual disturbances, acute inflammations, injuries, medical treatment, local an- 
esthesia about the orbit, and surgical procedures. 

The section on otolaryngology is divided into seventeen chapters contributed by 
taelve otolaryngologists of note. A variety of subjects are discussed: primary 
treatment of gunshot wounds of the face, the car in general, fractures of the tem- 
poral bone and of the cribriform plate, injuries to the labyrinth and labyrinthine 
function, group testing of hearing, malingering, roentgenologic diagnosis of petro- 
sitis, the ear in military aviation, re-education of the deafened soldier, re-education 
or speech defects, the nose and throat in general, paralysis in connection with 
wounds m the throat, infections of the throat, chemotherapy, injuries of the esopha- 
gus, and injuries of the larynx, hyoid bone, and trachea. 

® maU , fflanuaI £<?ems to fulfill the purpose for which it is intended, a brief 
° ° a * e ’ n ^ 0rraa *i° n 011 ophthalmologic and otolaryngologic problems 

e military surgeon, not the specialist in these fields, but the nonspecialist. 


De ' S vT Siu “ edited lj y W - S - P “8 h > Commander, IT. S. N„ for 
i osophical Library. Pp. 5G5, illustrations. 70. Xew York. 1042 F. Hub* 
ner and Company, Inc. ' 
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or contradicting statements are encountered. Although the article dealing with 
bums, beginning with page 41, coirectly emphasizes the necessity of debridement, on 
page 21 in a paragraph dealing with burns, is a statement, "no attempt at 
surgical cleaning is made”; this latter statement is erroneous, and is contradictory 
to those in the at tide on hunts beginning on page 41. On page 22, the maximum 
limit of 40 Gnt. sulfanilamide for a patierrt would appear to be needlessly high. 
The reviewer was surprised to see at the bottom of page 144, the statement that 
a four-tail bandage "will also give some temporary support to a fracture of tire 
mandible”; in his experience such a dresstng exerts too much backward displace 
nrent, thereby tending to obstruct the pharyngeal airway. 

The authors quote too freely from experiences in World War T. Tire chapter 
on bums, however, is one of many exceptions to this criticism; it thoroughly dis- 
cusses the tannic acid and triple dye methods along with other procedures as 
practiced in. Britain durrng this war. Unfortunately, this material and the book 
were apparently assembled a few weeks or months too early to allow inclusion of the 
pressure dressing method of Koch and Herd. 

Although the section on Surgery is not up to the standard of the other two 
sections, the articles on "Gunshot Wounds of the Heart,” "Blast Concussion,” 
"Blood Substitutes” and "Drainage of the Pleura” are splendid contributions. 
The article on "War Wounds and Compound Fractures ” contains a splendrd 
historical review of Lister’s principles of asepsis, and the proper emphasis on the 
importance of immobilization in the treatment of wounds as well as fractures. 

Considering lrow' meager is our knowledge of aviation medicine, the section 
dealing with this subject is remarkably informative and well written. With tire 
information contained in these articles alone a flight surgeon could obtain a 
good insight into the proper care of pilots, and treatment of symptoms derived 
from the hazards of centrifugal force and changes in altitude. 

Altogether the book is very informative and interesting. Although it cannot 
be used as a text because it is deficient rn various subjects, it nevertheless would 
be of inestimable value as an addition to a medical military library. 


Anatomy of the Hand; The Principles of Anatomy as Seen in the Hand. By 
Frederic Wood Jones, D Sc., F.R S., F.R.C.S , University of Manchester, D«g 
land. Ed. 2. Pp. 407, with 144 rllustratrons. Baltimore, 1942, Williams & 
Wilkins Company. $7.50. 


This book was prepared during the 1914 War as a guide for a series of Iecfuies 
in applied anatomy as a part of the course of instiuetion to officers of the 
R A. M. C. The fust edition was published in 1920. 

Wntten bv the professor of anatomy at the University of Manchester, the mn 
torial is authoritatively presented. The second edition has been revised, and «i\ 
Ile n chapters and twenty new figures have been added. The author’s interesting 
stvle and practical descriptions should make the subject matter attraetive to pro 
fessioual groups in the related medical sciences. 

The first fourteen chapters contain an interest for comparative anatomists, while 
. 2 interest is attracted to the succeeding ten concise chapters, devoted 
the ® urgI act;ca 2 fmatomy of the fascias, bones, joints, muscles, tendons, and tendon 


on 

ular 


to xi t i ■ j iaTU i The remaining nine chapters are devoted to discussions n 
sheaths o. 1C . ‘ f i, e motor and sensory pathways, the nerves, the vnsruln 
the functions or ““ • 

channels, an ^ ^ P ‘ . ntcrcst t0 t j le student of anatomy, and especially the busy 
This hook will e _ . -.r n f or uhom it is primarily intended. 

medical officer of the R. A. M. 
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Sulfanilamide and Belated Compounds in General Practice. By Wesley W. Spink, 
M.D., F.A.C.P. Pp. 374, with chart-, and table. Chicago, 1042, Vcai Book 
Publishers, lac. *3. 

This book has been greatly inci cased in si/e and comprehen-ivene— . Tu a field 
which is advancing and changing as fast as any in medicine, and in which the 
amount of published material is almost overwhelming, this little book constitutes 
an admirable condensation of the present knowledge of the subject and will «enc 
as an up to date and authentic guide and summary for the surgeon as well a- for 
the medical man. Few are the professional men today who can afford to do with- 
out this excellent monograph. 


The Principles of Neurological Surgery. By Loyal Davi«, M.S.. M.D., Ph.D. 

Ed. 2. Pp. 503. with 20S illusf iation«. Philadelphia, 1042, Lea £. Febigcr. $7. 

This is a much improved second edition of a neurosurgery text, the first edition 
of winch was published m 1030. 

Some of the material lin« been rewritten and rearranged. The chapters are 
much better subdivided by snbdiapter heading-; for example. Chnptci IV, Intra- 
cranial Abscess, which had no subdivisions m the fir-t edition, is now- subdivided 
into Etiology and Pathogenesis, Pathology, Symptoms, and Surgical Treatment. 
Some new sections are added, such as electro encephalography, arachnoiditis, tuber- 
culosis of the skull, herniation of intervertebral disc, and others. The illustrations 
have been rearranged, many new one- added, and some of those in the first edition 
deleted. All of these improvements and additions have increased the book size 
from 41G pages to 494 pages. 

This is the only available textbook of neurosurgery and, therefore, is the only 
place where all of this material is collected together. It is recommended to flic 
general practitioner and others who occasionally need some information concerning 
the more common neurosurgical problems. 


Urological Diseases of Pregnancy. By E. G. Crabtree (with a chapter by G. C. 
Prather). Pp. 472, with 15S illustrations. Boston, 1942. Little, Brown S. Coin 
panv. 


The problems relating to the unnaiy tract m pregnancy have been pietty well 
covered, a little at a time, by a great numbei of authors in widely scattered books 
and periodicals, but this work is the first to come to the attention of the reviewer, 
m which the pertinent data are assembled, together vvitii a very extensive bibliog 
raphy. Its value is, of course, enhanced by the extensive personal experience 
of the author at the Boston Lying In Hospital and in private practice. 


Theie are fanly extensive discussions of the effects of pregnancy upon the 
body and upon its economy m general, as well as upon the urinary tract itself. 
There are chapters comparing the effects of pregnancy m loner animals with those 
m the human being as well as with the effects of tumors other than the pregnant 
uterus upon the urinary tract The work is of particular practical value to the 
uiologist and general practitioner because of its discus-ions of special problems 
which while they may be commonplace to the busy obstetucian, arc puzzling to 
the physician who encounters them only occasionally. I refer to the situation- 
created by pyelonephritis, atony of the bladder, tuberculosis of the urinary tract, 
stones, so itary kidneys, renal neoplasms, and tlie like. The techniques of examina 
ion and modes of treatment are well covered, as is the relationship of the toxemia 
of pregnancy to the urinary tract. 
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Of interest to nearly all practitioners are the chapters on the oliguria of trans- 
fusion reactions, and the untoward effects of the sulfonamides on the urinary tract. 

The critical reviewer can, of course, find points which arouse him, although they 
are minor ones, as the very frequent use of ‘'scarification” to mean cicatrization 
or, more simply, scarring and of ‘‘physiology” for function, as well as ‘‘etiology” 
for cause. The last two are, of course, attributable to the widespread, if deplorable, 
use of medical slang. 

One regrets that the discussions of the cause of hydronephrosis in pregnancy, 
and of the effect of tumors of the female pelvis upon the kidneys are treated so 
briefly, and one shudders at the author’s failure to discuss the value of nasal 
suction (Wangensteen and Paine) in ileus, the more so because the author men- 
tions the high mortality of the condition. 

The book is warmly recommended to urologists, obstetricians, and general prac- 
titioners, and should be a valuable source of references for investigators in the 
fields concerned. 


First Aid, Surgical and Medical: An Advanced Guide. By Warren H. Cole, H.D., 
P.A.C.S., and Charles B. Puestow, M.D., Pli.D., P.A.C.S., University of Illinois, 
Ed. 1. Pp. 351, illustrations 92. New York, 1942, D. Appleton-Century Com- 
pany, Inc. 

At a time when the war has caused large numbers of civilians to be trained in 
the essentials of first aid, an authoritative and yet elementary textbook is of first 
importance. This readable book fulfills this need admirably. 

An excellent introduction precedes the descriptions of procedures for specific 
injuries, and although it is verbose in places, it nevertheless offers an excellent 
background of knowledge for the first-aid worker. There are sections on each of 
the types of conditions to be encountered in either civil or military life, such ns 
shock, lacerated wounds, fractures, burns, gas and bomb injuries, etc. 

There are some points in the book with which most physicians would take issue, 
such as several of the types of bandages described, yet tho vast bulk of the material 
is accurate, correct, and well expressed. This book is not for beginners, as tho 
title indicates, but those who have had a rudimentary first-aid course will find it 
of inestimable value in achieving a further understanding of the subject. 

The title implies that this book contains material only for the use of the lay 
first-aid worker, but the majority of general practitioners would find it of great 
value in medical practice. 
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ACUTE CRANIOCEREBRAL TRAUMA 

SURGICAL AND PATHOLOGIC CoXSIDERATlOXS BASED Ul’OX 151 CONSECUTIVE 

Autopsies 

E. S. Gurd.hax, 0 M.D., J. E. Webster, II. D.. and II. Arnkoit.I M.D. 

Detroit, Alien . 

T HE material herein presented comprises the results o£ observations 
made upon post-mortem examinations of 151 patients who died fol- 
lowing cranial trauma. The examinations were performed at the Wayne 
County Morgue, Detroit. Mieli. They represented a consecutive, un- 
seleeted group admitted to the morgue throughout a period of eight 
months, from July, 1939, to March, 1940. The hospital records of those 
patients who were hospitalized before death were also studied for 
pertinent correlations. 

This analysis is not intended for statistical purposes, but it is an 
attempt to correlate the pathologic features and the surgical management 
of eases of head injury. A survey of the pathologic background should 
serve to amplify surgical and medical concepts of treatment. 

Material . — Gross evidence of brain damage was found in every case, 
although in a few instances the pathologic changes were minimal (Pig. 
1). Combinations of lesions were of frequent occurrence. For pur- 
poses of clarity, the pathologic findings were classified into main groups 
on the basis of the outstanding type of lesion present (Table I). 

Age Distribution .—' The well-recognized observation that the mortality 
rises with the higher age groups among patients with head injury is 
shown in Table II. Even though the incidence of major head injury is 
less in childhood, the evidence shows that children tolerate the effects of 
trauma much better than do patients in higher age groups. 

'Department o £ Surgery, Wayne University College of Medicine, and Department of 
Neurosurgery, Grace Hospital. Major, U, S. Army, 
f Medical Corps, U. S. Army. 

Received for publication. June 3, 1942. 


333 


334 


SURGERY 


Table I 


Fiacturc ot the skull 112 

Compound fiactmcs 20 

Gunshot etiologi lg 

No fiaetuies r>9 

Epiduial hemoiihages (surgical) 11 

Associated with liactine 10 

' Unassociated with iractuie 1 

Epiduial hemoirhagcs (small) 4 

Acute subduial hematoma (suignal) 22 

Acute subduial hematoma (small) 12 

Clnonie subduial hematoma 1 

Massnc mtiaceiebial clot J 

Petcdnal hemonhages 54 

With gunshot wounds 17 71 

Contusions of the biain suiiace with softening 72 

Ceicbial fat embolism 2 


Table II 


Ant Distribution 


\GL GROUPS (AR ) 

M MBFIl OF CASfS 

Undei 5 

s 

5 to 10 

i 

10 to 20 

n 

20 to 30 

27 

30 to 40 

24 

40 to 50 

2S 

Cher 50 

52 


Table III 

Chart Showing Relationship of Etiologa to Pathoioga Folnd in Autopsa Semis 


etiologa' 
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Etiology . — Direct blow to a fixed or nonfixed head is common. The 
head is usually injured by indirect blows; that is, the head in motion 
sti’ikes a noumoving or slower moving object. In either of the latter 
groups, multiple lesions occur as well as injuries to other parts of the 



Fili. 1. — An example of minimal cerebral damage involving the frontal lobe. This 
patient, aged 35 years, was struck by an auto. There was no fracture of the skull. 
He survived injury for T days (associated injury, fractured tibia). 


body (Fig. 2). Of interest in the tabulation of the causes of injury is 
the frequent association of epidural hemorrhage and bicycle accidents. 
In Table III the etiologic factors and the resultant pathologic changes 
have been correlated. 

Time of Denth . — In 133 eases, the time of death was classified and is 
shown in Table IT. Of note is the fact that sixty-one victims were dead 

Table XV 


Time or Death 


TIME OF DEATH 

NUMBER or CASES 

Dead on admission 

gj— — ■ 

1 hr. 

9 

2 iir. 

5 

:: hr. 

39 

5 hr. 


10 hr. 


15 hr. 

9 

20 hr. 


30 hr. 

7 

2 days 

6 

3 days 


4 days 

0 

5 days 

1 

Over 5 days 

14 
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upon admission, while thirty-six died within twenty hours after entrance 
to the hospital, a group which represents 72.1 per cent of the total. 

Fractured Skull . — Fracture of the skull was present in 112 instances. 
In twenty-nine the fracture was compounded; eighteen of the latter were 
caused by gunshot wounds. Head injury unassociated with fracture of 



pjg 2 — An example of piofound cianial damage with comminution of the middle 
fossa anil destruction of the left optic neive. The tincture line extends fiom the left 
orbit and frontal region to the pituitary fossa and actoss the length of the petrous 
bone of the left side. 


the skull occurred in thirty-nine patients. Of the instances in which 
a fracture was found to be present, the site of the fracture was localized 
to the anterior third of the skull in 22.!) per cent of the cases; to the 
middle third in 45.3 per cent, ami 1o the posterior third in 32.7 per cent 

(Table V). 

Tutu: V 

J.ul'AMX vifos op I’cv nut. 



""Anterior Srd 
Middle ant 
Po-torior Srd 
Anterior and middle 
Middle and jio-terior 


M'Uiin: or i w x 

— — 

• i>) 

is 
1 1 
i I 
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Tam,f. vr 


Ciiakt or Site of Costfsions 


SITE 

NUMBER OF CASES 

Inferior frontal 

R — 21 

Is— 2 o 


Inferior temporal 

r— 2 a 

j j .‘jo 


Frontal (lateral and superior) 

R— 10 

L— 9 


Temporal (lateral and superior) 

R— 27 

L — 20 


Parieto-occipital 

R— 10 

1j — 12 


Cerebellum and brain stem 

R— o 

Is— 4 



The distribution of the fracture lines is more graphically represented 
in Fig. 3. 

Cerebral Contusions . — An outstanding finding in the examination was 
the occurrence of contused areas of the cortex of the hemispheres (Fig. 
4). There were 191 instances of such areas among seventy-two of the 
eases. For the sites of the contusions, see Table VI. 




ns ?**■ “*** 

Of fracture is the middle third of the t>hull (45 3 Pfr cent) 1 com P l0n Site 
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Fig. 5 demonstrates the aggregations of the areas involved by bruising 
of the brain. They are shown in upper and lower groups, to make the 
diagram more intelligible. 

ACUTE SUBDURAL HEMORRHAGE 

In this series, subdural hematoma of surgical proportions (about 30 
Gm. and over) was found in twenty-two eases, and in twelve additional 
eases small hemorrhages in the subdural space were discovered. The 
latter includes eases of very minimal hemorrhages in the subdural space 
up to the amount of about 30 Gm. in size. The larger subdural hema- 
tomas were unilateral in each instance. In the group with insignificant 
subdural hemorrhage, there were four bilateral cases. 



j \n example of multiple ceiebral contusions located in commonly involved 

n as * This patient, aged f»2 vears, was involved in an automobile accident; he had 
ill interval and then piogies'dve stupor. Bilateial trephines woie made on the tenth 
lav with evacuation of bilateral subdural hydromas. He expired the eleventh day. 


The subdural hemorrhage occurred in the fronlo-parieto-teniporal 
region in the greatest majority of eases (Fig. fi). In one there was a col- 
lection of blood in the region of the optic chiasm. In another, a fronto- 
arietal hematoma extended between the hemispheres and over tiie corpus 
lllosiim There was one ease of hematoma over (lie loft cerebellar hemi- 
_ The fronto-parieto-tcmporal localization of the subdural lesion 
spieie.^ n ^ t j lir{v o( - tjni-tv-fonr eases (including both surgical and 
was eu L hemorrhages). A frontoparietal Irepliinc opening two 

small su * j- ,| 1L . j„i,UiiK> would liavc uncovered the dot in 

inches on citliu mm 

each of the thirty cases. 
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Fig. 5. — Diagrammatic representation of 501 contusions ill seventy-two cases. The 
superior, basal, right and left lateral views of the brain are shown with the overlying 
contusions (represented by outline) in three rows. Contusions occurred most fre- 
quently on the inferior surfaces of the frontal and temporal lobes. 



/sample of one of the acute subdural hematomas encouuteied. Thi 
afU ' r an aut0 aCC,dent - He "hconscious 


This 
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The bleeding arose from torn pial vessels on the convexity of the 
hemispheres. In three cases, an intracerebral clot extended into the sub- 
dural space through the tear in the brain. Contusions of the brain sur- 
face on the same and on the opposite sides were seen in thirteen eases. 
Only infrequently were they thought to be the source of the subdural 
hemorrhage. Subarachnoid hemorrhage was seen in three patients. 
Petechial hemorrhages were noticed in seven instances, with hemorrhages 
in the pons and the medulla in four. Epidural bleeding was accompanied 
by minor subdural hemorrhages in four cases. 

Purely on the basis of post-mortem findings, six of the twenty-two 
might have recovered following operative intervention. The remaining 
sixteen had profound associated injuries in other parts of the nervous 
system. Among those with small clots in the subdural space, the 
associated lesions elsewhere in the brain were marked, and they were 
thought to be the cause of death. 

The position of the clot eonld not have been guessed on the basis of 
a fracture line. In eight cases the fracture was on the opposite side from 
the subdural lesion. There was no fracture in seven cases. The more 
pertinent facts about these eases of subdural hemorrhage are classified 
in Table VII. 

Table YU 


Surgical (Twenty-Two Cases — 30 Cm. and Over) and Nonsurgical Subdural 
Hemorrhages (Eleven Cases) 



SURGICAL 

| NONSURGICAL 

Side involved 



Right 

15 

1 i 

Left 

7 


Bilateral 

0 

■i 

Fracture 



Same side 

7 


Opposite side 

s 


Present 

15 

n 

None 

7 

0 

Position of cranium 



Fronto-parieto-tcmporal 

20 

10 

Basal about chiasm and pons 

1 

1 

Interhemispheric 

1 

0 

Orer cerebellar lobe 

1 

1 

Associated pathology 

IS 


Contusions and tears 

Ext p n hi vo mi cl vnr- 

Petechial hemorrhage 

7 

ied in each in- 

Larger intracerebral clot 


stance 

Subarachnoid hemorrhage 

■» 



The single case of chronic subdural hematoma had been drained 
through a small trephine opeiiimr. At autopsy the cyst cavity was still 
fill A with semisolid and fluid contents. About three-fourths of the bema- 
6 was semisolid. (When the hematoma is mostly semisolid, it should 
toma > ^| ii , ou „] 1 SIn aIl osteoplastic flap rather than through a simile 

he ral ^ re ^j 1 j nc open ini's. In the above ease, the single trephine opening 

seemed inadequate.) 
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EPIDURAT, HEMORRHAGE 


There were eleven eases of epidural hemorrhage of surgical proportions 
(about 30 6m. and over) and an additional four cases of small hemor- 
rhages in the epidural space. 

The fronto-parieto-temporal region was the most frequent site among 
the larger hematomas (Fig. 7). There were eight cases in this group. A 
bilateral frontal hematoma was seen in one instance. A clot in the 
parieto-oeeipital region was present in one case, and a right cerebellar 
and right occipital localization was found in another (Fig. S). 



F>S. ”• — An example of acute epidural hemorrhage of representative size Thi-s 
patient, aged 13 years, fell from a bicycle at 5:00 P.M., striking his head on a curb- 
9-30r m home- arrivm K at 0-30. A physician was called and the boy expired at 


The source of the hemorrhage was thought to be the middle meningeal 
artery in nine cases. The dural veins may have contributed to the clot. 
The frontal hematoma probably arose from venous and anterior 
meningeal artery bleeding. The clot in the eerebrellar region was of 
lateral sinus origin. 

The larger hematomas were intimately related with fracture except 
in one case. The fracture was depressed in one instance. It seems that 
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the position of the fracture is most significant in epidural hemorrhage, 
making it obligatory to search for tire clot in its vicinity. The frontal 
epidural hematoma without fracture is extremely interesting. Its forma- 
tion was possibly as follows : A separation of dura and bone may have 
been initiated by the trauma either by deformation of the cranial vault 
without accompanying deformation of dural membrane or by actual 
movement of the dura in the direction of the force when the moving head 
was suddenly stopped. The initial separation of the dura and bone 
would cause bleeding into the epidural space. With more bleeding, a 
further separation of the dura off the bone' would ensue, the latter would 
expose more vessels to add to the bleeding, thus bringing about a vicious 
circle. 



Cerebellar epidural hematoma is infrequently diagnosed before death 
except in puncture wounds of the lateral sinus region. Probably the 
profound associated lesions of the nervous' - . system mask pure localizing 
simis. In the case described by Coleman and Thomson, there was a slow 
onset of stupor and eventual hypotonia and areflexm. A large posterior 
fossa clot was successfully removed. In selected cases, the silo and type 
, fracture along with clinical evidences of increasing stupor may justify 
ex loration of the posterior fossa for an epidural clot. 

this small group of cases, associated lesions in other parts oT the 
ln system were frequent. Purely on the basis of post-mortem 
nervous . . - ^ j AV0 0 f (] 10 eleven eases could have been materially 

examination, - , ■ no f surprising that a lucid interval was noted 

benefited bv surgeiy 

in only two cases. 
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PETKC IIIAL II EMORRII AGES 

Petechial hemorrhages recognized l>y cross examination were lound 
to be present in fifty-four eases (Fisr. 9).' Small hemorrhages were seen 
in seventeen of the eighteen eases of bullet wounds of the head. Petechial 
hemorrhages were noted in the pons and in the medulla in a total of 
twenty-five cases. Twenty of these, victims were struck by moving 
vehicles. Three of the hemorrhages were the result of falls. Six of the 
group with pontine and medullary lesions showed no fracture of the 
skull. Four cases of subdural hematoma had associated pontine and 
medullary lesions. Only six of the twenty-five victims survived the 
injury, the longest period of survival being thirty-three hours. 




, F’S- ■ An example of unusually severe, diffuse, intracerebral hemorrhages fne- 

'^“i'-^thebram stem and basal ganglia. This patient vras dead oifadmis- 
sion to the hospital following an auto accident (associated extensive skull fracture). 


Victims Dead on Admission . — An analysis of sixty-one victims dead on 
admission is shown in Table VIII. Among the sixtv-one eases, epidural 
hemorrhage was noted in 4, subdural hemorrhage in 13, subarachnoid 
hemorrhage in IS, petechial hemorrhages in 21, contusions in 25, and 
fracture of the skull in 39 cases. Associated injury elsewhere in the body 
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Table VIII 


Analysis op Sixty-One Victims Dead on Admission 


Pathology 


Epidural hemorrhage 

4 

Subdural hemorrhage 

13 

Subarachnoid hemorrhage 

18 

Massive intracerebral hemorrhage 

0 

Petechial hemorrhage 

21 

Fracture 

39 

Contusions 

25 

Associated injuries 


Extremity’ injury 

12 

Abdominal injury 

9 

Chest injury’ 

9 

Vertebral column injury 

4 

Associated injury’ most important cause of death 

9 

Age (yr.) 


Under 5 

2 

5 to 10 

1 

10 to 20 

7 

20 to 30 

7 

30 to 40 

8 

40 to 50 

14 

Over 50 

22 

Table IX 

Analysis of Tiiirty-Nine Cases With No Skull Fracture 


Pathology 

Epidural hemorrhage 1 

Subdural hemorrhage 9 

Subarachnoid hemorrhage Id 

Massive intracerebral hemorrhage 1 

Petechial hemorrhage 19 

Contusions 13 

Associated injuries 

Extremity injury 13 

Abdominal injury 3 

Chest injury 11 

Vertebral column injury 2 

Associated injury most important cause of death 9 
Age (yr.) 

Under 5 0 

5 to 10 0 

10 to 20 2 

20 to 30 3 

30 to 40 9 

40 to 50 12 

Over 50 13 


Duration of life 

Dead on admission 22 

3 

0 

1 
1 
•J 
1 
1 
1 
0 
4 


2 hr. 

3 hr. 

5 hr. 

10 hr. 
20 hr. 
30 hr. 

2 days 

4 days 

5 days 
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was common. The age distribution showed the usual pattern of higher 
mortality in the older age group. 

Cases With No Skull Fracture.— In Table IX the cases with no skull 
fracture are analyzed. Among thirty-nine such cases, one had epidural 
hemorrhage and nine showed subdural hemorrhage. In sixteen, there 
was subarachnoid hemorrhage; in nineteen, petechial heinonhages, in 
thirteen, contusions of the brain surface. One case had a rather large 
intracerebral clot. The age distribution again showed the usual pattern 
of greater numbers among the older people. The duration of life follow - 
ing trauma has been analyzed for the group. It is noted that twenty-two 
were dead on admission, and an additional ten died within thirty hours 
after injury. Amazingly extensive intracranial lesions were frequent. 

The question of so-called primary shock causing death may be raised 
in connection with the cases with no fracture who died soon after injury. 
Although in a few cases the pathologic changes were slight, intracranial 
lesions were invariably present in every instance. 

Concomitant In juries . — Associated pathologic lesions other than cere- 
bral were held responsible for deaths in seven of ninety-four cases with 
fracture of the skull and in nine of thirty-nine eases in which there was 
no fracture present. In the thirty-nine instances of trauma without frac- 
ture, there was associated injury in twenty. Thus, nineteen instances of 
death occurred without fracture of the skull and without contributivc 
injury, due solely to the intracranial disturbance. The associated lesions 
in the twenty cases with no skull fracture are given in Table X. 

Table X 


COXCOMITAXT lx JURIES 


IKJtfRY 

XmiBER OP CASES 

Chest 

5 

Chest and abdomen 

1 

Abdomen and extremities 

0 

Extremity 

6 

Extremity and chest 

4 

Abdomen 

X 

Abdomen, chest, and extremity 

1 

Fracture vertebral column 

o 


Clinical Pathologic Correlations. — Seventy-two of the patients in this 
study reached the hospital after injury. Twenty-two were dead at the 
time of admission. The remaining hospitalized fifty were distributed 
among twenty-two hospitals in the Detroit area. The clinical records of 
these patients were studied in light of subsequent pathologic findings. 
The length of life, following hospital admission, varied from a few 
minutes to twelve days. Twenty-six of the group died in twenty-four 
hours or less after admission. Thus, complete neurologic study was, 
at times, impossible. In most instances the information contained in the 
records was incomplete. However, certain findings stand out and are 
worthy of mention. 
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Thirty-five patients were unconscious at the time of admission and 
continued in coma; five were semiconscious and became unconscious; 
ten showed lucid intervals, either reaching consciousness after being un- 
conscious and lapsing again into stupor (four) or being conscious and 
then becoming unconscious (six). Among Ihe ten patients with the state 
of consciousness suggesting a progressive lesion, a subdural or epidural 
hemorrhage was the cause of death in four cases. (Two of these were 
operated upon.) In four of the patients there was diffuse brain injury 
associated with skull fracture; in two, fatty cerebral embolism (Pig. 10) 
was the cause of death. 



F j„ 10 . — An example of cerebral fat emboli complicating head injury. There were 
fractures of both tibias and a lucid interval of 18 hours. The spinal fluid was slightly 
bloody with a pressme of 330 mm. of water. The patient was cxploied for subdural 
hemorrhage. 


Patients were described as being in shock in but two instances. The 
blood pressure on admission was S4/T>0 and 60/40, respectively. The 
blood pressure was low in two other cases (.90/0 and SO/54). In one 
there was associated severe injury 1o other parts of the body. The 
greatest majority of those with profound head injury showed no re- 
markable change in blood pressure and pulse throughout f heir stays in 

the hospital. 

Hemorrhages from the ears, nose, and mouth were commonly reporter] 
in the hospitalized group. Such findings were present in twenty-four 

of the °^ t;i ( vere P ager, and only gross abnormalities appeared 

Neurologic^ ■ si?ns of paresis, paralysis, or pyramidal tract dis- 

to he repor e • ^ t p pn cases. In five instances the sinus were 

turbanee wcie I s | 10 \vi»g focal signs were patients with subdural 

bilateral- Seven o Jn , ll(1 hospitalized group, there were seven 
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subdural, four epidural, and one ease of epidural and subdural hemor- 
rhage, a total of twelve. Six of the twelve were operated upon. 

Examinations of the pupils were reported in twenty-seven patients. 
Unequal pupils were present in thirteen instances, five oi these in pa- 
tients with subdural or epidural hemorrhages. One or both pupils were 
fixed to light in ten instances; in four, the examination was normal. 

Correlation of the available information as related to the terminal 
states of the patients was not suggestive of characteristic clinical patterns 
associated with characteristic pathologic lesions. Thirteen patients died 
with temperatures ranging from 105 to 109° F. In five, medullary 
lesions were present. • Respirations were elevated to above 40 per minute 
in twenty-one cases, four of which showed petechial hemorrhages in the 
medulla. In five patients, the respirations remained below 20. The 
most prominent and puzzling. .feature of-.-the ‘'neurogenic" pattern of 
death was the tachypnea with or' without ptilmonary edema. 

5 v.rvy 

DISCUSSION 

The physical forces producing craniocerebral injuries are varied but 
may be grouped into tlie following five general classes : (1) force applied 
to a relatively fixed head (direct blbw) l (2) -.force applied to a nonfbeed 
head which may move by the force (direct blow) • (3) force produced 
by the head in motion coming in contact with a nonmoving or slower 
moving object (indirect blow) ; (4) a combination of the preceding cir- 
cumstances, occurring particularly in auto accidents; (5) in indirect 
blows, the intracranial contents moving in the direction of the force, 
may abut against more solid structures, producinglbruising of the brain 
surface (Kocher). Similarly, the “crowding together” of the various 
portions of the brain itself, because of differences in density, may result 
in parenchymatous lesions. Contrecoup lesions so common in head in- 
jury (Fig. 11) are ascribed to a lag of the brain behind the more rapidly 
moving cranium, causing the contents of the skull to abut against hone. 
Another viewpoint worthy of mention is the possible “bouncing back” of 
the bx-ain when the moving head is suddenly stopped by a nonmoving or 
slower moving object. Evidence for these conclusions was found in the 
autopsy material studied. 

Contusions and bruises of the brain surface were more frequent on the 
orbital surfaces of the frontal lobes and at the junction of the frontal 
and temporal poles of the hemisphere on one or both sides. The higher 
incidence of bruises in this neighborhood may he due to the many bony 
irregulai’ities against which the brain rests. The irregular base of the 
anterior fossa and the sharp edge of the lesser wing of the sphenoid 
serve as abutments for tlie brain in motion. Teal's and contusions may 
ensue in these areas following sudden arrest of the brain. When the 
direction of the blow causes the intracranial contents to move posteriorly, 
the tentorium cerebelli may accomplish much in protecting the brain. 
Contusions of the more posterior portions of the brain were infrequent, 
we believe, because of the “buffer” role of the tentorium. In the do°-' 
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tlie osseous tentorium has no “give” as is the case in the human. There- 
fore, it is reasonable to expect, that a higher incidence of injury would 
obtain in the occipital regions in the animal. In the human being, since 
a majority of Ihc contusions occur on ihe anterior third of the brain 
surface, it is no wonder that most of the cases of subdural hemorrhage 
occur in the fronto-parieto-temporal regions. 

The occurrence of multiple petechial hemorrhages associated with 
cranial trauma has been frequently noted and commented upon ( Cassasa, 
Vance, Martland, and Beling) . Aside from those caused by emboli (fat 
embolism, endocarditis, etc.), petechial hemorrhages are probably 
brought about by a combination of trauma and pathophysiologic changes. 
The “crowding together” of the various portions of the brain may cause 
parenchymatous damage due to “squashing.” The resultant localized 
area of damage interferes with the normal nutrition and capillary-tissue 



■pi- — An example of contrecoup injury to the cortex opposite tire site of a depressed, 

b ‘ ' fractured skull. 

exchange of the region, causing stasis, necrosis, and hemorrhage by 
diapedesis. It is well known that petechial hemorrhages may occur with- 
out trauma (usually preterminal). In such eases due to alteration in 
blood supply of the brain, a vascular stasis with anoxia may cause areas 
of necrosis eventuating in small hemorrhages by diapedesis and vessel 
wall damage. Of interest is the finding of petechial hemorrhages in the 
spinal cord in experimental head injury (Jakob, Denny-Brown). 

Of tlie total group of 151 eases studied, there were twenty-two hi- 
es of acute subdural hematoma, eleven eases of epidural hemorrhage, 
S ^ case of chronic subdural hematoma, representing in their total, 
°™L ‘ pni of the entire group. These thirty-four lesions were of 
21 -° P . <0 dassify as operable in type. Vance found that 20.2 

suffieien s • .• n t. s of 507 autopsied cases died as a result of either 

per cent ot tne p< 111 
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subdural or epidural hemorrhage. JIunro reported these types of 
surgical lesions in 20.8 per cent of 3,203 eases of head injur\ . One must 
conclude that hemorrhage producing a cerebral mass lesion is of frequent 
occurrence following trauma. When unassociated with profound intra- 
cerebral injury, the results of surgical treatment are highly satisfactory. 
Accompanying bruising of the brain, petechial hemorrhages or both oc- 
curred frequently as previously noted. This fact is an important con- 
sideration in management. 

Analysis of this group showed that while fracture of the skull was 
present and was on the side of the lesion in all of those patients with 
epidural hemorrhage, fracture was commonly absent in the subdural 
hematoma class. In eight instances it was found that the subdural hema- 
toma was on the opposite side to the fracture. While roentgen studies 
would he of assistance in localizing the epidural hemorrhage on the basis 
of the site of fracture, this would not hold in the subdural hematoma 
group. 



_* JS - , 3 - ~An example of traumatic intracerebral hemorrhage of the massive tvpe. 
TcS, patient, aged 33 years, was struck by an automobile, and lived 8 hours; con- 
jugate deviation of eyes to side opposite lesion; liad cycles of xelaxation followed 
"1 movements ot all extremities which changed into "a definite extensor tonic 

convulsion. Bilateral pyramidal signs were present. 


Massive intracerebral clot was present in one case in this review (Fig. 
12). It was in the temporosphenoidal lobe. Such localization is the com- 
monest of subcortical clots of larger size. They occasionally accompany 
middle meningeal hemorrhage (Apfelbaclt). The clinical studies of 
Courville and Blomqnist and Pilcher suggest that massive intracerebral 
clots occur more frequently than seen in this study, and such lesions may 
escape early recognition. Later they may cause symptoms leading to 
their exploration. However, most surgical lesions of the intracranial 
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ilic osseous lentorium lias no “give” as is the ease in the human. There- 
fore, it is reasonable to expert that a higher incidence of injury would 
obtain in the occipital regions in llie animal. In the human being, since 
a majority of the contusions occur on the anterior third of the brain 
surface, if is no wonder that most of the cases of subdural hemorrhage 
occur in the front o-pariefo-tcmporal regions. 

The occurrence of multiple petechial hemorrhages associated with 
cranial trauma has been frequently noted and commented upon (Cassasa, 
Vance, Marl land, and Beling). Aside from those caused by emboli (fat 
embolism, endocarditis, etc.), petechial hemorrhages are probably 
brought about by a combination of trauma and pathophysiologic changes. 
The “crowding together” of the various portions of the brain may cause 
parenchymatous damage due to “squashing.” The resultant localized 
area of damage interferes with the normal nutrition and capillary-tissue 



11 An example of contrecoup injury to the cortex opposite the site of a depiessed, 

* fractured skull. 

exchange of the region, causing stasis, necrosis, and hemorrhage by 
diapedesis. It is well known that petechial hemorrhages may occur with- 
out trauma (usually preterminal). In such cases due to alteration in 
blood supply of the brain, a vascular stasis with anoxia may cause areas 
of necrosis eventuating in small hemorrhages by diapedesis and vessel 
vail damage. Of interest is the finding of petechial hemorrhages in the 
s inal cord in experimental head injury (Jakob, Denny-Brown). 

Of the total group of 151 eases studied, there were twenty-two in- 
of acute subdural hematoma, eleven cases of epidural hemorrhage, 
stances ^ chronic subdural hematoma, representing in their total, 

and one ■ ^ ^ en tire group. These thirty-four lesions were of 

21.5 pci ce ^ classify as operable in type. Vance found that 26.2 
sufficient size ^ () £ 507 autopsied eases died as a result of either 

per cent 01 tne P< 
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iriotie pressure would cause transfer of tissue fluids into tire subarachnoid 
bed. A combination of the above is probably operative in a great many 
of the cases. 

Traumatic edema of the brain was attributed by Cannon to increased 
osmotic pressure of brain tissue caused by extravasation, contusions, 
small thrombi, and necrosis. Courtney suggested that transudation of 
fluid about and into areas of laceration and bruises is the cause of brain 
edema. He felt that the process is similar to the edema about an in- 
flammatory lesion elsewhere in tlie body. 

Because the microscopic appearance of edema (increased tissue spaces 
between cells with many dead and dying cells) occurs not only about 
actual lesions but also in distant portions of the brain, other explana- 
tions have been sought for the generalized process. Vasomotor paralysis 
of cerebral vessels by trauma (Courtney) with subsequent venous stasis 
and tissue waterlogging, due to increased permeability of the capillaries, 
has been considered a possibility (Bicker). An initial localized edema 
may compress the brain, altering its nutrition ; thus, a localized edema 
may be enhanced by anoxemia and anoxia and eventuate in generalized 
edema of the brain due to venous stasis, increased capillary permeability, 
and eventual tissue waterlogging (Schallcr). Probably more than one 
factor is in operation. Increased osmotic pressure of the brain and spinal 
fluid with edema in conjunction with the lack of proper oxygen supply 
may be the basis for the generalized swelling of the brain in the absence 
of extensive intracranial hemorrhage. 

Other explanations of increased intracranial pressure without severe 
hemorrhage are irritation and stimulation of the choroid plexus (Band 
and Courville), with increased cerebrospinal fluid formation or the low- 
ering of the rate of absorption of the spinal fluid due to venous stasis 
and increased venous pressure well above that of the cerebrospinal 
fluid ( Jorns, Haussler, and others) . In this connection, Weed felt that in- 
creased protein content in the cerebrospinal fluid due to blood retarded 
its absorption. It has long been suggested that there is traumatic in- 
ternal hydrocephalus in many eases of fatal injury to the head. Jack- 
son, and Shapiro and Jackson, in post-mortem studies, have recently re- 
emphasized the presence of increased intraventricular fluid and internal 
hydrocephalus in eases of head injury. 

Among others, Haussler and Jorns distinguished between swelling 
and edema of the brain. Eecentlv, Pilcher. Shapiro, and Jackson stud- 
ied the water content of traumatized brains. They did not find any 
increase in water content. This suggested that the brain swelling was 
not due to edema. Shapiro and Jackson found an increase of extra- 
and intravascular blood content of the brain. This factor, as well as 
increased intraventricular fluid, was considered the basis for brain 
swelling by these authors. The cause for the swelling in cases of minimal 
hemorrhages is obscure. To what extent post-mortem findings of the 
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contents caused by trauma arc found on the surface of tbe brain and 
intracerebral clots of surgical size arc rare. 

The significance of 1 lie presence or absence of a fracture of the skull 
in assessing the degree of cerebral injury is well brought, out by this re- 
view. 

The presence of a fracture has been repeatedly considered of major 
prognostic significance. It has been used as a criterion as to whether a 
patient should be hospitalized and for how long. In all probability it is 
true that a fracture of the skull is a rough index of the severity of the 
trauma. Associated damage to the intracranial contents is more com- 
mon among the patients with fracture than those without hone injury. 
However, the absence of a fracture does not rule out severe and at times 
fatal intracranial injury. In 151 examinations, there were thirty -nine 
with no fracture of the skull. Of the thirty-nine cases, there was no 
associated injury in nineteen. Thus, these nineteen patients died solely 
of traumatic intracranial lesions. Particularly with the indirect type of 
injury to the head, the movement of the brain in the cranial cavity may 
produce contusions and tears or may result in profound intracellular 
damage. The presence or absence of a fractured skull as a criterion for 
the evaluation of the degree of cerebral injury would seem to he a loose 
standard. 

The importance of concomitant injuries in influencing the outcome of 
the patient with cranial trauma was shown in this study. With indirect 
blows and particularly with injuries of great violence, not only may the 
head he struck, but also other portions of the body as well. In this 
study, associated pathologic lesions elsewhere than in the head were be- 
lieved responsible for death in seven of ninety-four patients with skull 
fracture and nine of thirty-nine patients in whom no fracture was pres- 
ent. Early knorvledge of the presence of such secondary injuries ap- 
pears to be of major importance. The condition which mainly obscures 
the diagnosis of commonly encountered chest, vertebral, abdominal, and 
pelvic injuries is the unconsciousness of the patient with a centering of 
interest to the head. 

Although this is primarily a discussion of gross findings in a series of 
necropsied cases, it would not be complete without a few words concern- 
ing increased intracranial pressure. Increased intracranial pressure has 
. ° attributed to edema of the brain, hemorrhage of intracranial con- 
)eC! , 1 ‘ r . n< t increased intracranial blood volume due to trauma (Shapiro 
teB /l cksoa)' That hemorrhage into the intracranial contents can and 
an(i a increased intracranial pressure is accepted. This is brought 
does eaus inerease j n the volume of the intracranial contents 

about by a ‘ , lood or the bleeding, particularly into the subarachnoid 

by the escap asc ’ tlie osmotic pressure of tbe spinal fluid (IIowc, 

spaces, maj ^ by increasing its protein content. Increased os- 
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fluid content represent the true premortem conditions in the brain is 
also not clear. Alexander and Looney have raised many interesting 
questions in this connection. They reported that the amount of post- 
mortem water content ot the brain was not a true index of edema or 
swelling. 

That increased intracranial pressure due to trauma is a clinical entity 
is universally accepted. That some brains look swollen at autopsy, even 
though the subarachnoid spaces are obliterated (thus making the brain 
surface appear dry), cannot be denied. In occasional instances we have 
observed large amounts of fluid in tbe subarachnoid and subdural spaces. 
An acceptable viewpoint is one which does not deny the occurrence of 
edema and yet does accept that it may be present in some cases, due to the 
time of death, to treatment prior to death, and to a different set of 
physicochemical factors operating in a given case. 

Although the pathologic findings in some of the cases in this series 
were minimal, all showed gross abnormalities. Death from so-called 
concussion* was not seen in this series. Examination of the clinical 
material available showed also that the occurrence of shock was infre- 
quent if not unusual in uncomplicated cases of head injury. Increasing 
pulse rate with lowering blood pressure and other characteristic signs 
of shock were reported in only two instances among the clinically ob- 
served group. The physiologic state present in those patients who died 
instantly or immediately following trauma can only be conjectured upon. 
Of twenty-two victims who were dead on admission to the hospital, all 
but two showed severe pathologic damage to the brain and fractures of 
the skull. There were three instances of subdural hematoma. 


SUMMARY 


1. In practically every instance of fatal head injury there is a com- 
bination of pathologic processes. For example, although the chief lesion 
may be an epidural hemorrhage, petechial hemorrhages and cerebral 
bruises frequently coexist. 


2. There is great variation in the extent and severity of brain lesions 
in the fatal eases. Among some, few pathologic lesions were noted to 
explain the cause of death. However, in every case, gross lesions were 


found. 

3 A massive intracranial hemorrhage due to trauma is usually on the 
surface of the brain and may be amenable to surgical treatment. Large 


intracerebral clots are rare. 

4 In epidural hemorrhage, exploration about a fracture lino seems 
' . , j n su bdnral hemorrhage, a fracture line is of little value in 

justi a t. i ipiim opposite to the side of the subdural hemorrhage. 

localization, oiieu => 

— . jc us ecl in a most elastic manner by different authors. As 

•The term concussion » cuss|on ls characterized by nn unconscious state 

understood in thl ® P ,?<£clitcd with macroscopic or mic.oscopic lesions of the brain, 
after head w ur> 
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Both legs were slightly spastic, but strength appeared to be normal in all muscle 
groups. ° There was no atrophy, and fasciculations were not seen. Sensory ex- 
amination revealed a fairly sharp level at the upper border of the eleventh thoracic 
dermatome bilaterally, below which there was anesthesia and marked hvpalgesia 
extending down to include the third lumbar dermatome. From the fourth lumbar 
to the second sacral dermatome the hvpalgesia was less marked, and light touch 
was appreciated. Over the buttocks the sensory loss was not symmetrical: on 
the Tight there was moderate livpesthesia and hvpalgesia, whereas on the left light 
touch was not appreciated at all, but pinprick produced an intensely painful sensation 
which was poorly localized. Position sense was markedly impaired in the toes 
bilaterally, and vibratory sense was absent below the knees. In placing the heel 
on the knee be showed slight, sensory ataxia. His station was unsteady with eyes 
closed, and his gait was moderately "ataxic. The abdominal reflexes were present 
except for the left upper, which could not be obtained. The knee and ankle jerks 
were hyperactive bilaterally, and there was sustained ankle clonus on the left. 
The plantar responses were extensor in type. 

Examinations of the urine and blood showed no abnormality, and the blood 
Wassermann was negative. The spinal fluid was clear and colorless. The initial 
pressure was 110 mm. of water. Manometrie tests performed according to the 
standardized technique of Grant and Cone' suggested partial subarachnoid block. 
The first specimen of fluid removed gave a strongly positive reaction for protein 
(Pandy test), whereas the final specimen gave a negative reaction. The fluid con- 
tained no cells. The Wassermann and colloidal mastic tests were negative. 

Roentgenograms of the spine showed scoliosis to the right starting at the tenth 
thoracic vertebra and extending to the fourth lumbar, with rotation of the bodies 
of the lumbar vertebrae to the right. There was partial spina bifida of the first sacral 
segment with the right lamina lying about S mm. beneath the left lamina. The 
lumbosacral articulations could not be distinctly seen. After injection of 2 c.c. 
of iodized oil (Lipiodol) into the cisterna magna, fluoroscopy and films revealed 
a marked delay in the passage of the oil at the level of the eleventh thoracic 
vertebra, the oil passing in a thin stream to the right of an apparent obstruction. 

Following lumbar puncture tlie patient complained of a slight increase in 
his original symptoms, and examination revealed more pronounced sensorv loss 
over the segments previously involved. A tentative diagnosis of intramedullary 
tumor at the level of the eleventh thoraeic vetebra was made, and be was trans- 
ferred to the neurosurgical service. 

Operation . — A midline laminectomy incision was made over the lower thoracic 
spines. The spinous process and lamina! arch of the eleventh thoracic vertebra 
were resected. On opening the dura an extensive soft araclmoiditis was noted. Just 
below the level of tiie dural incision a rounded, yellow mass could be seen, ap- 
parently lying within the eonus medullaris. The spinous process and laminal areli 
of the twelfth thoracic vertebra were then resected, and the laminal arch of 
the first lumbar vertebra was beveled slightly, giving a dural exposure about 
7 cm. in length. On extending the dural incision a very striking picture was seen 
^Tig. 1). A well-demarcated, yellowish- white tumor mass filled the eonus medul- 
laris, coming to the surface ou the left dorsal aspect of the cord, covered only 
by a thin layer of pia-araclinoid membrane. The tumor measured 3 cm. in length 
and 1.5 cm. in width and depth, the upper pole being at about the level of the 
third or fourth lumbar segment of the cord. It was slightly nodular. The entire 
mass was gently dissected out of its bed in the cord, a'nd no clearly defined 
membrane could be seen surrounding it. It appeared to be a cholesteatoma. When 
dissecton was completed, there was no evidence of a cyst wall or of any tumor tissue 
remaining in the pocket. 

Postoperative Course . — Immediately after operation the patient had complete 
paralysis and anesthesia of both lower extremities and urinary retention, requir- 
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INCLUSION cysts developing in relation to the spinal cord and its 
meninges are rare in the experience of most neurologists and neu- 
rosurgeons. The standard textbooks make scant reference to these 
tumors, but in the periodic literature one finds a sufficient number of 
case reports to establish them as a not uncommon elinico-pathologic 
entity. On the basis of gross and histologic characteristics three distinct 
types are recognized: (I) the epidermoid or cholesteatoma, containing 
only epidermal tissue and its debris; (2) the dermoid, containing, in 
addition, dermoid structures and derivatives; and (3) the teratoma, 
containing tissues derived from two or more germinal layer’s. The case 
reported here is believed to be an example of tire first type. 


REPORT OF A CASE 

History. — W. M. (A-55912), a 25-year-old white male, referred to Duke Hospital 
with a tentative diagnosis of “spinal cord tumor,” was admitted to the neurologic 
service, Fel). 12, 1911. He complained of low back pain and numbness, tingling 
and stiffness in his legs of five months’ duration. His general health had always 
been excellent. There was no history of injury. Since early childhood he had had 
what he called “growing pains” in the thighs, occurring at night after strenuous 
work or exercise. He also described infrequent attacks of a rather sharp pain in 
Ids lower thoracic spine radiating toward the left scapula, brought on by jailing 
or suddenly turning the body to either side. In October, 1940, or about five 
months before admission, he began to notice on going to bed a dull, poorly 
localized aelie in the lower part of the back which would keep him awake for 
several hours, together with numbness and tingling in the anterior thighs, first 
on the left and later bilateral. He had sometimes awakened during the night with 
uncertainty as to the position of his feet in the bed. At first he did not notice 
these symptoms during the day, but gradually they became more constant. The 
umbness and tingling spread downward to the feet. About four months before 
Omission lie began to notice slight hesitancy in initiating urination. Stiffness of the 
^ eTe i 0 ped gradually, and his gait became unsteady. Following a lumbar punc- 
* ^ n February 7 he noticed for the first time slight weakness of his legs, causing 
increased difficulty in walking. He had lost twenty pounds in weight 

inert. physical examination revealed an undernourished young man 

Sxanmia ’ ^ tlevelopme n t , who did not appear acutely ill. A general 

with poor . _ was presen t, the nodes being hard and nontender. Ex- 

jandular enb B ^ witll t he pat ient standing disc 

*- , . _ A rnnISncis 


g 

normal ln ®^ o thoracic and lumbar spine. There was no localized deformity 
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Both legs were slightly spastic, but strength appeared to be normal m all muscle 
groups. There was no atrophy, and fa'cicnlations were not seen. Sensory e\ 
amination revealed a fairly sharp level at the upper border of the eleventh thoracic 
dermatome bilaterally, below which there was anesthesia and marked hvpalgesia 
extending down to include the third lumbar dermatome From the fourth lumbat 
to the second sacral dermatome the hvpalgesia was less marked, and light touch 
was appreciated Over the buttocks the sensory loss was not symmetrical: on 
the right there was moderate hypcsthosia and hvpalgesia, whereas on the left light 
touch was not appreciated at all, but pinprick produced an intensely painful sensation 
which was poorly localised Position sense »a« markedly imp tired m the toes 
bilaterally, and vibratory sense was absent below the knee= In plating the heel 
on the knee lie showed slight sensory ataxia. His station was unsteady with eyes 
closed, and his gait was moderately ataxic The abdominal reflexes were present 
except for the left upper, which could not be obtained. The knee and ankle jerks 
were hyperactive bilaterally, and there was sustained ankle clonus on the left. 
The plantar responses were extensor in type. 

Examinations of the urine and blood showed no abnormality, and the blood 
Wassemiann was negative The spinal fluid was ilear and colorless The initial 
pressure was no mm. of water. Manonietrir tests performed according to the 
standardized technique of Grant and Cone' suggested partial subarachnoid block 
The first specimen of fluid removed gave a strongly positive reaction for protein 
(Pandy test), whereas the final specimen gave a negative icaction The fluid con 
tamed no cells The Wasserinann and colloidal mastic tests were negative. 

I?oentgenograrn« of the spine showed scoliosis to the right starting at the tenth 
thoracic vertebra and extending to the fourtli lumbar, with rotation of the bodies 
of the lumbar vertebrae to the right. There was partial spina bifida of the first sacral 
segment with the right lamina lying about S mm beneath the left lamina. The 
lumbosacral articulations could not be distinctly seen. After injection of 2 c.c. 
of iodized oil (Lipiodol) mto the cisterna magna, fluoroscopy and films revealed 
a marked delay m the passage of the oil at the level of the eleventh fhoiacic 
vertebra, the oil passing m a thin stream to rlie right of an apparent obstruction. 

Following lumbar puacture the patient complained of a slight increase in 
Ins original symptoms, and examination levealed more pionounced sensory lo«s 
over the segments previously involved. A tentative diagnosis of intramedullary 
tumor at the level of the eleventh thoracic vetebra was made, and he was trans 
ferred to the neurosurgical service. 

Operation —A midhne laminectomy incision was made over the loner thoracic 
spines. The spinous process and laminal arch of the eleventh thoracic vertebra 
were resected On opening tlie dura an extensive soft arachnoiditis was noted Just 
below the level of the dural incision a rounded, yellow mass could be seen, ap 
parently lying vvitiim the conus medulians The spinous pioeess aud lammal arch 
of the twelfth thoracic vertebra were then re«ected, and the lammal arch of 
the first lumbar vertebra was beveled slightly, giving a dural exposure about 
‘ cra - m length On extending the dural incision a very striking picture was seen 
(Fig 1) A well demarcated, y ello wish w lute tumor nia=s filled the eonus inedul 
Ians, coming to the surface on the left dor~al aspect of the coid, covered onlv 
by a thm layer of pia arachnoid membrane The tumor measured I cm. in length 
and 1 5 cm in width and depth, the upper pole being at about the level of the 
third or fourth lumbar segment of the cord It was slightly nodular. The entire 
mass was gently dissected out of its bed m the cord, and no elearlv defined 
membrane could be seen surrounding it It appeared to be a cholesteatoma When 
dissecton was completed, there was no evidence of a cyst wall or of any tumoi tissue 
remaining in the pocket 

Postoperative Course — Immediately after operation the patient had complete 
paralysis and anesthesia of both lower extremities and urinary retention, reqinr 
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INCLUSION cysts developing in relation to the spinal cord, and its 
I meninges are rare in the experience of most neurologists and neu- 
rosurgeons. The standard textbooks make scant reference to these 
tumors, but in the periodic literature one finds a sufficient number of 
case reports to establish them as a not uncommon clinico-pathologic 
entity. On the basis of gross and histologic characteristics three distinct 
types ai’e recognized: (1) the epideimoid or cholesteatoma, containing 
only epidermal tissue and its debris; (2) the dermoid, containing, in 
addition, dermoid structures and derivatives, and (3) the teratoma, 
containing tissues derived from two or more germinal layers The case 
reported here is believed to be an example of the first type 


REPORT OP A CASE 

Histoiy — W. M. (A 35912), a 25 rear old -white male, refened to Duke Hospital 
with a tentative diagnosis of “spinal coul tumoi,’’ was admitted to the neurologic 
service, Feb 12, 1911 He complained of low back pam and numbness, tingling 
and stiffness in lus legs of file months’ duration His general health had always 
been excellent. Tlieie was no history of mjun Since eaily childhood he had had 
what he called “glowing pains” in the thighs, occuinng at night aftei strenuous 
work or exercise He also described mfiequent attacks of a rather sharp pam m 
Ins lower tlioiacic spine radiating toward the left scapula, bi ought on by jarring 
or suddenly turning the body to either side In October, 1910, or about file 
months befoie admission, he began to notice on going to bed a dull, pooih 
localized ache m the lowei part of the back winch would keep lnni awake foi 
several liouis, together with numbness and tingling in the antenor thighs, first 
on the left and latei bilateral. He had sometimes awakened during the night with 
uncertainty as to the position of lus feet m the bed At first he did not notice 
these symptoms during the day, but gradually they became more constant The 
numbness and tingling spread downward to the feet About four months before 
admission he began to notice slight hesitancy m initiating urination Stiffness of the 
legs developed gradually, and lus gait became unsteady. Following a lumbar punt 
e on February 7, he noticed for the first time slight weakness of his legs, causing 
leased difficulty m walking. He had lost twenty pounds in weight 
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seen grossly anti no hairs were present. Microscopic study of several serial sections 
taken from one of the larger fragments, stained with hematoxylin and eosin, 
showed what appeared to he a nudtiloeutated cyst with numerous invaginations 
and outpouchings of its wall (Fig. 2). The cyst wall appeared as a crumpled 
pnrselike membrane composed of two or more layers of well-preserved basal cells. 
Inside this basement membrane, and closely attached to it, were several layers of 
desquamating squamous cells which had lost their nuclei. These merged with an 
amorphous, vacuolated, necrotic substance in which the only recognizable cells 
were red blood cells, apparently from operative bleeding. Outside the membrane 
there was no supporting tissue, only scattered bits of tissue which, when stained 
with Mallory’s phospliotuugstic acid hematoxylin, appeared to he composed of 
interlacing fibers and large nucleated cells resembling nerve cells. It was thought 
that these might represent small pieces of spinal cord substance which had ad- 
hered to the basement membrane during removal of tlio tumor. No glands or 
hair follicles were seen in any of the sections. There was no evidence of malignant 
change. In a frozen section stained by Ilerxheimer’s scarlet red the amorphous 
substance was found to contain numerous globules of fat. With the polarizing 
miscroscope, doubly retractile crystals characteristic of cholesterol were identified 
(Fig. 0). The pathologic diagnosis was -‘epidermoid of spinal cord.’’ 

DISCUSSION OF CASE 

It is worth noting that this patient had had symptoms referable to 
his lesion since early in childhood. This fact, together with the finding 
of spina bifida of the first sacral segment, should have raised the 
suspicion of a congenital lesion. Spina bifida of the sacral segments 
is not an unusual finding in patients without neurologic complaints, 
but in this case the fact that the corresponding segment of the cord 
was involved by the tumor makes it highly probable that the two 
conditions were embrvologically related. The sensory level was at the 
eleventh thoracic dermatome, and the upper pole of the tumor was at 
tire level of the eleventh thoracic vertebra or at the third or fourth 
lumbar segment of the cord. The cutaneous sensory loss between the 
eleventh thoracic and third lumbar segments, therefore, must 
have been due either to compression of the nerve roots or to the 
arachnoiditis which was present. The tumor occupied a cleft between 
the posterior columns of the cord, lying slightly to the left of the midline. 
Practically its entire dorsal surface was exposed, being covered only 
by the pia-arachnoid. It must, therefore, be classified as snbpial rather 
than intramedullary. Histologically this tumor was quite remarkable 
in that the basement membrane did not form a definite cyst wall but was 
folded up within the substance of the tumor; in places it was impossible 
to say whether the desquamating epithelium was on the inside or on the 
outside of the membrane. This suggests that the membrane was ac- 
tively proliferating but did not have room to expand, with the result 
that it became folded on itself, entrapping between its folds desquamat- 
ing squamous cells on one side and spinal cord tissue on the other. If 
fragments of spinal cord substance were removed with the tumor, as 
the sections suggest, this would adequately explain the postoperative* de- 
velopment of paraplegia and the unsatisfactory surgical result. 
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ing daily catheterization. Within the first week he showed slight return of motor 
function in the right log. On the eleventh postoperative day he began to void 
spontaneously. He continued to improve slowly, regaining some function in all 
muscle groups of the right log and ability to move the loft toes. There was also 
some return of sensation. lie was discharged on the twenty-eighth postoperative day. 
He returned to the outpatient clinic appioxiinately six months after operation, 
lcpoiting slight improvement during the fust two months but none since then. 



s 


i Pi awing: of opeiative field after retraction of the dura. The main body of the 

I lies in the conus, covered only by & thm membrane of Dia-arachnmd 


of pia-arachnoid. 


He was unable to walk, except with crutches. He complained of hesitant micturi- 
tion and complete impotence. On examination he was found to have a spastic 
nuaolegin with little useful function in his legs and marked reduction in all 
V ms of sensation below the tenth thoracic dermatome. His condition appeared 
° , „ stationary, and no further change was anticipated. His physician reports 
that lie" has subsequently returned to work at a sedentary job. 

• c/,,,7,/.— Grossly the specimen consisted of several small pieces of 

pathologic ^ material of a yellowish color, in which small lumps of a 

soft, friable, ; w be fc i t . x 0 encapsulating membrane could be 

slinlitly f> rI " cr c 
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RES IEW OP LITER \TUKE 

The repod oil cases of deimoid and epidermoid tumors of file \ crtebral 
canal have been reviewed by Critchiey and Ferguson, 2 Gross, 3 Brad- 
ford, 4 and most recently by Boldrey and Elvidge. 5 ' The eases collected 
by Boldrey and Elvidge, in 1939. number thirty-seven, to which they 
added three of their own. These authors state that in all instances they 



—Camera lueida drawing of doubh refractile cholesterol crystals seen xrtfh tb* 
polarizing m,cro*cope, in a p.ece of formalin-fixed tissue from the 'tumor 


have assumed the accuracy of the original pathologic diagnosis I hare 
renewed as much of tins literature as is available and am unable to 
accept the follow bur cases as either dermoids or epidermoids, for the 
reasons stated (The ease numbers correspond with the enumeration 
mthe authors "lists ) 


hvrtaVi (Ep r ger) ~ The onI ' a ' ailaWe reference to tins case is in the renew 
j Critchley and Ferguson, = and the data gnen are insufficient to make a diagnosis 

P,™.t^me^ n ^n^,r’U 0 n u b :c^ 1,Shed b ' Eask} and hate Kindly 
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Fig. 2 A . — Photomicrograph showing; low-power view of a portion of the tumor. The 
pedunculated nodule in the center of the field is covered by basement membrane, and 
its center consists of degenerative squamous ceils and cellular debris. The material 
outside the membrane consists mainly of red blood cells, thought to be artifact result- 
ing from bleeding at operation. (Hematoxylin and eosin stain, X‘13.) 



Fig. 2B .— Photc 

tial section. The 
of the cyst u an. 


.« — ^ratified squamous epithelium cut In tmiFren- 
bv basal cells represent small in vagina tiomr 
• stain, X160.) 
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an! subdural dermoid cyst, similar to the ease of 11 alkcr and Huey described 
previously. Following an acute febrile illness diagnosed “meningitis,” a .’-year-old 
bov developed rapidly increasing weakness of the legs. Examination disclosed 
spastic paraplegia and analgesia below the fifth thoracic dermatome. At the level of 
the ninth thoracic spinous process there was a cutaneous dimple from which hairs 
protruded. At operation a dermal sinus was traced from the dimple down to the 
dura, where it ended in a mass of distorted .dermal structures and infected granula- 
tion tissue. Beneath the dura there was a large cyst compressing the cord to a 
mere ribbon. It contained desquamated epithelium, hairs, and debris. Its wall 
was composed partly of epithelium and partly of fibrous granulation tissue. Death 
occurred postoperativelv. 

VerbiestjK in 19:19, reported a (55-year-old man who had had mild symptoms 
of spinal cord disease since the age of 12. All forms of sensation were impaired 
below the twelfth thoracic dermatome. The right leg was spastic, the left flaccid 
and atroplued. Lipiodol showed a block at the level of the twelfth thoracic vertebra. 
Laminectomy revealed chronic arachnoiditis and an intramedullary cyst. This 
contained gruellike material which by chemical analysis was found to consist 
of cholesterol, fat, and fatty acids. The capsule was composed of stratified 
squamous epithelium. Diagnosis: Epidermoid cyst. The patient developed post- 
operative sterile meningitis lasting four weeks. His condition was not improved 
by operation. 

Bagiev and Arnold 1 ''* reported, in 1940, a 9-year-old boy with symptoms which 
brought him to an orthopedist, who found flexion deformities of the knees and 
hips, backward tilting of the pelvis, paravertebral tenderness, and muscle spasm. 
The only abnormal neurologic finding was a hyperactive right knee jerk. Lumbar 
laminectomy revealed a markedly tense dura, incision of which released a large 
amount of soapy material in which cholesterol crystals were identified. An en- 
capsulating membrane was dissected away from the nerve roots, and microscopic 
study of this showed stratified epithelium beneath which there was a well-defined 
layer of connective tissue. Many hairs were found. The diagnosis was dermoid 
cyst and the patient was relieved of all symptoms. 

This revision of Boiclrey and El ridge's collection brings to forty-two 
the number of reported cases in which critical analysis of the evidence 
justifies the diagnosis of dennoid or epidermoid tumor of the vertebral 
canal ; an additional case is reported. In this review the dermoids and 
epidermoids have been grouped together, and this has been the tendency 
of all recent authors. The teratomas, or tumors containing derivatives 
of more than one germinal layer, are usually treated as a separate 
group and have been omitted. These tumors have been reviewed by 
Hosoi 3 and more recently by Hasten . 17 To date fourteen cases have 
been reported.* Cases of congenital dermal sinus, as discussed by 
Walker and Bucy , 12 have also been omitted except for those cases in 
which a definite dermoid cyst within the spinal canal has been demon- 
strated. 


COMMENT 


In the foregoing review no distinction lias been made between the der- 
moids and the epidermoids, and it has been the custom of recent authors 
to group these together under the inclusive term “dermoids.” While 


p Vi e Hi tin F of Ulis paper, L. A. French and W. T. Peyton (Arch Xeurol X- 

Of epidermoid tumir. 1 ' m2> haVe reportea two additional cases of teratoma and one 
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Ca.se G (Ixanofi ). — The oiiginal aiticle is unavailable. Fiom the facts given 
in vaiious reviews, this was nppaicntly an anencephahc monstei which died at birth 
and was found to ha\c a malfoimation of the entiie cei ebi ospinal axis. It cannot 
ptopetly bo classified as a tumor or cyst. 

Case < (Raymond, xVlquier, and Couitellemont 6 ). — In. tliis case the principal 
lesion, a frontal lobe dermoid, was adequately proved. The multiple fa tty lesions 
xn the spinal meninges were apparently not studied microscopically but were as- 
sumed to be dermoids because of gtoss similarity to the cerebral lesion. 

Case 10 (Frick"). — This tumor contained bone marrow' with mjeloid cells 
and giant cells, calcium, connective tissue, hair, and blood vessels. It was re 
ported as a ease of teratoma and has been so accepted by Ilosoi. 5 

Case 13 (Elsbeig 0 ). — Tlieie is no pathologic description of this tumor. The 
author cites the case as one of questionable dermoid cyst, but the accompanying 
photomiciogiaph is labeled "gliomatous (?) cyst.” 

Case 33 (Naffziger and Jones, Case ?>><>). — This tumor is said to have contained 
connective tissue, calcium, and a substance resembling cartilage. I am inclined to 
legal d it as a teiatoma. 


The following oases, either omitted or published subsequently, should 
be added to the collection o£ Boldrey and Elvidge. 


Ciaig and Mitchell, 11 in 1931, lepoited an S-yeai-old boy with a history of 
intermittent back pain, nocturnal incontinence, and weakness of legs for three 
years. There was a dimple in the skin at the lex el of the fourth lumbar spinous 
process. Neurologic findings suggested tumor of cauda equina. At operation the 
dura was joined to Hie laminal arch of the fouith lumbar vertebra by a fibrous 
band. A subduial tumoi compressed the conus and cauda equina. Diagnosis: 
Cholesteatoma. The patient lias improxed markedly. 

Bouclmt, Dechaume, and Micliailidis repoited, in 1932, a case leviewed by 
Biadford. 4 It was that of a 71 year old man xxitli history dating back fifteen 
yeais, xxlio came to autopsy and was found to hnxc an intiamedullary epidermoid 
of the conus meclullai is. In addition there xxas dxsembiyoplasia of the adjacent 


poitions of the cold and sx nngomyelic cavities. 

Walkei and Buej ,i= m 1934, published a discussion of seien cases of congenital 
deimal sinus. The authors cite one case, originally leported by W. and N. Slmipo, 
in xxliicli such a sinus, clnontcally infected, was associated with an intraduial 
cyst containing caseous mateual and hair. Although no pathologic leport xxas 
<nx’en, the autliois concluded that this xxas a dcimoul. 

° Bradford 4 reported a case in 193S. This 3 year old boy had had symptoms 


for one xear, and examination disclosed a flaccid paiapaiesis, pcuanal analgesia, 
and a palpable defect m the social laminae. The lumbar canal was markedly 
dilated. Opemtion consisted of incision and exacuation 0 f an mtinmcdullaiy 
cyst of the conus medullai is. The cjst wall was composed of simple, stiatificd, 
sounmous epithelium. A mural nodule, Iioxxcxci, contained hair follicles and 
sebaceous glands in addition to epidermic. The diagnosis was "del mold cjst.” 
The patient impioxed somewhat. 

Masson 13 in IMS, lepoited a ”S xear old man with muirent attacks of back 
■ and* progressive neuiologie distiirb.iin.es foi 17 xcars. There was spastic 
1>am ‘ J with the sensotx level at the ninth tlioracie dermatome. Lammci tomj 
paraparesis y tmnor „* at tho eighth to ninth thoracic xmtebia, hmg between 

revealed a ! ‘ ( (m , Ue ,| or . ;i l mu face of the eor.l. It loiitamcd bans, and 

the diagnosis was ‘‘dermoid e.xst.” The patient was relieved of p am 

but the an article in 1939. Althougli reported as a (!l se 

tValkcr and A to * t0 j lau , been an iiistamc of infected dermal -nm- 

0 f teratoid tumor, tins appe. - 
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he demonstrated by chemical analysis. He produced, furthermore, 
sterile meningitis experimentally by injecting fatty acids into the 
subarachnoid space of a dog. He did not go so far as to suggest that 
transverse myelitis might be caused by chemical irritants elaborated by 
the tumor, but in the light of the above mentioned cases this possibility 
is to be considered. In our own case it furnishes an alternative explana- 
tion for the postoperative paraplegia. 

Spina bifida is not a frequent finding in the cases of epidermoid 
tumor, being reported in only two. One of these is the case reported 
here, in which the first sacral laminae were unfused. Since the tumor in- 
volved the corresponding segment of the cord, it seems likely that this 
represents an embryologie defect common to the spinal cord and verte- 
bral column rather than a chance association. It is quite possible that 
the incidence of spina bifida would be higher if routine x-rays had been 
taken. In no ease has a conununieating dermal sinus been reported. 

Epidermoids have been found at all levels of the spinal canal as 
high as the second thoracic vertebra; none has been reported in the 
cervical region. All have been intradural, with one exception, the case 
reported by Muscatello and cited by Boldrey and Elvidge. 8 Here the 
so-called epidermoid was an incidental finding, the principal lesion 
being an extradural dermoid with dermal sinus at a higher level. No 
pathologic details are given, and I have been unable to verify the original 
report. These tumors have been described as extramedullary in ten 
eases and as either intramedullary or subpial in nine cases. All of the 
latter have shown a definite connection with the pia. Tt is of interest 
that in two cases syringomyelic cavities have been found in the portions 
of the cord adjacent to the tumor, and in one case the entire central 
canal is described as abnormal. 

Laminectomy was performed in fourteen of the eases of epidermoid 
tumor reviewed. Of these, eight were improved, although in two the 
tumor recurred. Six eases reported as improved had extramedullary 
tumors, and only two had intramedullary or subpial tumors. One case 
was reported as unimproved and two as worse; both of the latter were 
intramedullary tumors. There were two cases of postoperative death, 
and in one case the result was not mentioned. It appears, therefore, 
that the operative results, as in any other class of spinal cord tumor, 
depend largely on the position of the lesion in relation to the cord, 
being vastly better in the case of extramedullary lesions. As previously 
mentioned, the pathologic observations in the case reported here furnish 
an adequate reason for the poor results in dealing with intramedullary 
epidermoids, namely, the irregularity of the capsule with its many in- 
vaginations, including nervous tissue between its folds. For the same 
reason complete removal is rendered difficult, and recurrence is lik ely. 

Dermoids . — The cases which I have selected include twenty-three der- 
moid tumors of the vertebral canal. In this group the onset of symptoms 
is considerably earlier than in the epidermoids. The first manifestation 
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this grouping is perhaps justifiable for purposes of historical review, 
considering that the published data often are insufficient to permit an 
accurate pathologic diagnosis, I feel that the clinical features and growth 
characteristics of the two types are sufficiently different to render 
separate discussion advisable. The following discussion is based upon 
an analysis of the clinical, operative, and pathologic findings in the 
forty-two cases comprising my revised collection of cases, and in the 
one reported here. Wherever possible, reference has been made to the 
original publications for details not mentioned in the reviews. 

In differentiating between dermoids and epidermoids the criteria of 
Ewing 18 have been employed. He states that the simple dermoid consists 
of epidermis, dermis, and dermal derivatives, such as hair, glands, and 
sometimes teeth. It usually appears in the form of a cyst, commonly 
originating by the inclusion of a portion of ectoderm during the closure 
of embryonal fissures, or at the point of union between ectodermal and 
other structures. In the epidermoid, also known as cholesteatoma, 
definite dermal structures are wanting. This is a tumor composed of 
lamellated, waxy, or scaly material enclosed in a wall of stratified, 
squamous epithelium. It is regularly connected with the meninges. In 
both types disintegration of the epidermal slough gives rise to choles- 
terol crystals, which are found within the cyst. 

Epidermoids . — Eighteen cases in the series are probably epidermoids; 
in two others the diagnosis of epidermoid is questionable but cannot he 
disproved, so they are included. The onset of symptoms occurred in 
the first decade in two cases, in the second in seven cases, in the third in 
four cases, in the fourth in three cases, and beyond the age of 40 in 
three cases. In one ease the tumor was asymptomatic. The usual 
clinical course is that of a 113 ' benign tumor of the spinal cord, except that 
paraplegia tends to develop more slowly. In two cases, however, the 
symptoms were intermittent and of rapid onset. In the case reported by 
Critchley and Ferguson 2 there was a history of cerebrospinal meningitis 


in infancy with complete recovery, transient paraplegia at 7 years of 
awe and rapid recurrence of paraplegia following an attack of in- 
fluenza at the age of 15; the epidermoid was intradural but extra- 
medullary at the seventh to eighth thoracic segments, and there 
was no evidence of encapsulation. Michelson’s patient 19 had a history 
of paraplegia lasting six weeks after administration of a spinal anes- 
thetic followed three years later by a spontaneous episode suggestive 
f acute transverse myelitis; an extramedullary epidermoid lay on the 
° terior surface of the cord at the ninth thoracic vertebra. The ob- 
P ° S t'ons and theories of Verbicst 15 offer a possible explanation for 
S , erVa n-micp of these acute and transient episodes. In his case, ab- 
tlie OCCU ™-nc found .at the site of n sulvnitil 


he f Johnve chronic arachnoiditis was found at the site of a subpial 
;tracted ao > operation the patient developed a sterile inenin- 

epidermoid, a ^ TJ]C anthor suggested that this was due to 

gitis lasting 1 from the liecrot ic contents of the cysts, which 

liberation of taw 
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in detail by Bradford, 4 a 20-year-old woman had had pain in the scapular 
region one year previously, followed by symptoms of progressive cord 
compression. A draining sinus at the third thoracic vertebra, which 
was obstructed in places, communicated through a bifid spinous process 
with a large, extramedullary, dermoid cyst. The symptoms in this case 
were apparently due to obstruction of the sinus with dilatation of the 
cyst rather than to infection of the cyst itself. Ilipsley’s case, also re- 
viewed by Bradford, 4 is similar. In the second case reported by Boldrey 
and Elvidge, 5 a man, aged 45 years, showed symptoms of a cauda equina 
lesion following immediately upon excision of an anal fistula six 
years previously. At operation a cystic tumor lay among the roots 
of the cauda equina and was attached by a cystic cord to the tip of 
the conus. Microscopically the cyst was a typical dermoid, while the 
cord was composed of loose glial tissue containing portions of an 
ependyma-lined lumen. The authors assumed that the cyst represented 
the original point of attachment of filum terminale to skin, that it was 
pulled upward by normal growth processes, and that radical excision 
of the anal sinus released intervertebral attachments and abolished 
external drainage. Here again there was no evidence of infection. In 
the third case reported by Boldrey and Elvidge, a child 2 14 years 
of age had a pigmented spot at the level of the lumbosacral joint, present 
since birth, which had discharged intermittently for nine months. For 
five months the child had had recurrent attacks of meningitis. The only 
neurologic finding, except for signs of meningitis, was absence of the 
ankle jerks. An infected dermoid cyst filled two-thirds of the lumbar 
canal and communicated with the sinus, which passed through a bifid 
spinous process. Finally, the case of Walker and Moore,’ 4 abstracted 
previously, should be included in this group. Here the onset of para- 
plegia followed immediately an attack of meningitis, and the intradural 
cyst was chronically infected. 

That dermal sinuses communicating with the spinal canal are rare is 
evidenced by the observation of Rogers and Dwight, 20 who stated in 
1938 that in a personal experience with some 400 cases of pilonidal 
sinus they had not yet seen one communicating with the neural canal. 
However, on the basis of the seven cases reported by Walker and Bucy 
and the five cases mentioned here, I feel that its occasional occurrence 
should be kept in mind in dealing with eases of recurrent unexplained 
meningitis or transverse myelitis, and that the presence of a cutaneous 
dimple in the midline of the back or a discharging sinus should con- 
stitute an indication for radical surgical exploration. The condition 
occurs most commonly in infants, four of the six patients being between 
2 and 3 years of age at the time symptoms developed. Involvement of 
the cord or cauda equina may occur in two ways. The sinus may be- 
come obstructed, causing sebaceous secretion to accumulate within the 
cyst, which then enlarges and compresses the nervous structures; or 
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appeared in the first decade in ten cases, in the second in five cases, 
in the third in four cases, and in the fourth in two cases. In two cases 
the age of onset is not given. Pain in the back and legs is the commonest 
early symptom, being mentioned in nine cases. This may be due to the 
fact that these tumors frequently occupy the lumbar portion of the 
canal where they tend to stretch the dura and nerve roots and may 
attain a considerable size before producing any neurologic deficit. In 
almost every case, however, symptoms of compression were present at 
the time of examination. Dermoids occur most commonly in the lower 
half of the canal, but one case of cervical tumor has been reported. 
In contrast to the epidermoids, they are oftener extramedullary than 
intramedullary, and in five cases the tumor has been entirely extradural. 
Only two cases of intramedullary dermoid have been reported. In 
three cases the tumor lay partly within and partly without the cord, 
spreading apart the posterior columns. In every case of extramedullary 
tumor the position has been dorsal to the cord. Spina bifida correspond- 
ing to the segmental position of the tumor has been reported in seven 
cases. Operation has been performed in nineteen cases with the follow- 
ing results: improved, nine; unimproved, two; recurred, 1; condition 
worse, 1; postoperative death, three; no mention, three. 

A particularly interesting group of intraspinal dermoids are those 
associated with a congenital dermal sinus (pilonidal sinus). The 
pathogenesis and clinical features of these sinuses have been discussed 
by Walker and Buev, 12 who reported the findings in seven cases which 
they had studied or had collected from the literature. A congenital 
dermal sinus, manifested externally by a small dimple in the midlinc 
of the back, discharges periodically serous or purulent material. The 
sinus extends to the meninges and its lumen acts as a pathway for 
infection to reach these structures. When this occurs, producing abscess 
formation, signs of meningeal irritation and weakness of the lower 
extremities develop. The spinal fluid, usually sterile, shows a pleocytosis. 
This malformation is usually associated with a spina bifida, but not 


necessarily so. The authors make no comment on the relationship of 
these sinuses to dermoid tumors within the spinal canal, and indeed 


in six of their cases there was no definite evidence of such a tumor. 
In one of their cases, however (Case 6, originally reported by W. and N. 
Sharpe), “A mass of caseous material containing hair was found im- 
bedded between the dura and the left side of the spinal cord.” No 
tholomc description of the tissue was given, but Walker and Huey 
c mmeiit on the presence of hair at the base of t Fie sinus as a “striking 
00 . ,, j am inclined to regard this finding as definite proof that they 

110111 i:* w ith an intradural dermoid cyst associated with an in- 

were dealing 

fected del mal • ' cascs 0 f dermoid tumors of the vertebral canal I 

Among m ( .. 1S(?S although in only two of those was there 

have found n\ ' infection. In Oltondlo's case, reviewed 

definite evidence or 
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the cyst itself may become infected from the outside, giving rise to a 
localized meningitis or subdural abscess. In either case the symptoms 
are of sudden or rapid onset, and they tend to be intermittent. 


SUMMARY 


1. A case of subpial epidermoid tumor of the spinal cord in the 
lumbosacral region is reported. The peculiar histologic appearance of 
the tumor, in which the basement epithelial membrane is thrown up 
into innumerable folds, possibly accounts for the unsatisfactory surgical 
result which was obtained. 


2. The literature of epidermoid and dermoid tumors of the vertebral 
canal is reviewed, using the collection of reported cases made by Boldrey 
and Elvidge, in 1939, as a basis. This collection is revised by eliminating 
doubtful cases and adding others, and it is'believed that forty-two cases 
of this type of tumor have been reported. The addition of the present 
case brings the total to forty-three, of which twenty are probably 
epidermoids and twenty-three are probably dermoids. 

3. In general, the epidermoids and dermoids behave very much as do 
other types of spinal tumor in similar locations. Certain aspects of 
their symptomatology deserve special mention. In the case of the epi- 
dermoids, sterile inflammatory reactions such as meningitis and acute 
transverse myelitis occasionally occur. There is some evidence that 
these are due to fatty acids formed within tire cyst and liberated into 
the subarachnoid space. Dermoid tumors are occasionally associated 
with congenital dermal (pilonidal) sinuses. Obstruction of such a 
sinus may result in sudden exacerbation of pressure symptoms. In- 
fection reaching the meninges via these sinuses may give rise to septic 
meningitis or localized subdural abseess. 

4. The preoperative recognition of these tumors is not always possible, 
but a history of symptoms beginning early in life, the finding of a 
cutaneous dimple or a discharging sinus in the midline of the back, 
or the presence of spina bifida corresponding to the involved segment 
of the spinal cord, should suggest that one is dealing with a congenital 
cystic tumor of epidermoid or dermoid type. 


mi,- or wishes to acknowledge the assistance of pr. Baines Woodliall and Dr. 
„ Q Jackson in the study of this case. Mr. E. H. Clark made the diawlngs. 
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neath the skin flap through a posteiiorly placed stab wound. The condition of 
the patient vv as good throughout the proreduic and at the conclusion she a as re- 
sponding. 

Postopcrattir Course. — rour hours aftei operation the patient was responding to 
questions and moving hei left extiemities ueahly. Tor the first four days her gen- 
eral condition was good and she was quite bright, although the temperature rose as 
high as 103.0“ I’. There was copious drainage of slightly blood-tinged cerebrospinal 
fluid for the first foity eight hours, uftei which peiiod the drain was removed. On 
the fifth postoperative day the patient vomited a feeding and shortly thereafter 
had a left-sided Jacksonian convulsion lasting an hour. Her lateral ventricle was 
tapped and deeply bloody fluid obtained. It was suspected that the vomiting attack 
had "blown'’ a thrombus out of the end of a small intraventricular vessel. For the 
subsequent week she was torpid and testless, complained of severe pain in her neck, 
and was irrational from time to time. The temperature ranged between 100 and 



Y Sfall 2 " ct,on through the c> st enlarged about three times normal size, 
v small amount of homofrem ousb staining colloid material remains within the cyst 

rn * ‘VJL tnla n?ement o f tIlf> u* in 4 The attachment of the choroid nlexns 

"•*" £tr w cle.ilv shown The f U s,„ n of the two lavers of the flbro- 
investment Ft l denved from the tela choroidea is shown at the nedicle of 
fu=ed t rhJ 1 ,"' u h ", not " 1 that the epitlw l.al lmmg of the cyst has two lav erl of 
u ed tf la choroidea enclosing it, as jndnitfd b\ thr arrows beneath the letters FVI. 

thehuriTTrp 2f^i ,plKr nnigiuflcatjons of the r\<st wall In G some areas of the epi- 
the hum CE ,s shown " ar ' In ° "" ! ' P "' 11 q,nsI '' ,ajer ° r c,I,ated <=uboida! Ip!- 
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to 00 per minute and she became so torpid that if was necessary to tap tlie ventricles 
several times during flic night. The fluid was under considerable pressuio and after 
each tap she improved for a few boms. Operation was performed as an emergency 
measure Aug. 31, 1941. 

Operation , — The operation was performed using only procaine infiltration of the 
scalp. A moderately large, right frontal osteoplastic flap was reflected, the dura 
opened in a circular fashion front the base uprrards, and tire dural flap reflected over 
the longitudinal sinus. A vertical (dorsovcnlral) transcortical incision, o cm. long, 
Was made two inches anterior to the rolnndie vein. The incision was carried down 
through the subcortex until the right lateral ventricle was entered. This was packed 
anteriorly and posteriorly with wet cotton to support the ventricular walls. Lighted 
retractors were introduced. The choroid plexus lying on the ventricular floor was 
identified and followed until it entered the foramen of Monro. The foramen was 
collapsed and appeared as a narrow slit below a thin, bulging septum luctdurn. Be- 
cause it appeared that it might be necessary to enlarge the foramen of Monro to 
gain access into the third ventricle, the terminal 1 cm. of the choroid plexus was 
coagulated with the electrosurgical unit. While the plexus was being handled with the 
bayonet forceps, traction was exerted slightly and for a moment a glistening tumor 



■p;™ i Both lateral ventricles are widely dilated, the left more than the right. 

The arrow in A points to tire sharply cut-off ail- shadow in the dilated foramen of 
■ivrAnro The third ventricle is not visible in any position of the head. Both lateral 
ventricles were punctured and the fluid exchanged foi air. The septum Uiculum is 
intact. 


appeared in the orifice of the foramen of Monro. The tumor was grasped with an 
"other pair of foieeps and with gentle teasing it was possible to slip the entire tumor 
through the foramen into flic lateral ventricle. The tumor was about the sue of a 
nail" 3 cherry and appeared to he a thin-walleil tianslueenl cyst with fine vessels 
. a y ie sur face. It was attached to the portion of the ehoioid plexus within 
trill vcn t r icle. This attachment was coagulated and cut. Slight bleeding fob 
the R* sm all veins about the foramen of Monro but these were controlled with 
lowed ron ’ ' ‘ Bj;forc withdrawing, the septum liicnliiiii wns punctured in order to 
cotton P ac ’-' ^ m t ] ic to the left lateral ventn-le, as it was anticipated 

insure drainage ^ o( - j[ (IIlr o might be blm hed foi a few days from edema, 
that the right 0 • 1V;1 , placed within the lateral rent ride and brought oat 

A thin spilt PenrOi ^ incision in the duiul flap which was tightly restituted in 
through a centra J I ' tt rnc j and wired into place and the drain led out lie- 

place. The hone flap 
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neath the skin flap through a poslenorlv placet] stab wound. Tlic condition of 
the patient was good tluoughout the pioeeduie and at the conclusion she was re- 
sponding. 

Postopci atiie Couisc . — roar liouis aftei opeiation tlic patient was icsponding to 
questions and nioimg her left cMiemities weakly. For the hist four days her gen- 
eral condition was good and ‘•he was quite blight, although tlic temperature rose as 
high as 103.0° Ik There was copious diainage of ‘-lightly blood tinged teiebrospinal 
fluid for the fiist foity eight liouis, aftei which pcnod the diain was icmoved. On 
the fifth postoperative day the patient vomited a feeding and shoitly thereafter 
had a left sided Jacksonian convulsion lasting an lioui. Her lateial ventricle was 
tapped and deeply bloody fluid obtained It was suspected that the vomiting attaelc 
had “blown” a thvonvbvis owt ot the end ot a small intvaventi lcular vessel. For the 
subsequent week she was toipid and icstle'-s, eomplained of severe pain in her neck, 
and was lriational from time to time. The tempciature ranged between 100 and 
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A small amount of homogeneouslv staining: colloid material remains within the cyst. 
cp B . An enlargement of the outline d squ irf m A The ,itt ichment of the choroid plexus 
egl the evst wall HI is clculi shown The fusion of the two laveis of the fibrn- 
tim C ? ar investment PI / derived fiom the tr la choroidea is shown ‘at the pedicle of 
' u »« P It will he noted that the ‘pitli.h.,1 lmmg of the cv st has tw o lav 25 of 
fu^eil tela choroidea enclosing it, as mdic i ted b\ the arrows beneath the letters FVI 
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102.6° I 1 , but subsided gradually and became normal by the seventeenth postoperathc 
day. At this time the ventricular and spinal fluid were xanthochromic. Indigo- 
carmine dye instilled in the right lateral ventiicle was promptly recovered from the 
left ventricle and appeared also in the spinal canal in a few minutes. The pouer of 
her left extremities rapidly improved during the postoperative period, vision was 
returning and siie became alert and cheerful. She was up in a wheel chair on the 
eighteenth day and walking on the twentieth. She was discharged twenty-one days 
after operation. At this time there was no gross weakness of the left extremities 
although a Bahinslu sign was piesent. The left angle of her mouth drooped slightly. 
The ocular palsies had disappeaied and the papilledema nas subsiding. She was able 
to read newsprint easily. Mental examination showed only a moderate psychomotor 
retardation and an unwarranted jocularity. 



t,, i,i, 0 r the patient taken seven weeks after operation. The onl: 

Fig. smn at this time is a slight weakness of the left side of the lac 

rich’s ^monftrated by her smile. 

H . lfter operation, the patient had almost entirely recovered. She ««■ 
Four rnon - - ; al activities and lmd returned to her farm work. Visual acuity 
taking full P arl M(] tho visual fields appeared full. The fundi were normal 

was 20/20 m ei atropliv. Neurologic examination was negative except for 

with no evidence ot l • - of (h{ , mouUl (r ,g. 3 ). There were no complaints 

a slight weakness ot tae « b 
referable to the nervous system. 



WEINBERGER. AND BOSHES: PARAPHYSIAL CYSTS 


373 


PATHOGENESIS AND ANATOMIC CONSIDERATIONS 


Paraphvsial cysts are now recognized as arising from the paraphysial 
body, an ancient gland situated in the midline of the rostral portion of 
the roof of the third ventricle. 11 It is found in all vertebrates and 
reaches an especially high development in amphibians and reptiles. 12 
Francotte 13 first identified its presence in the early human embryo. 
Krabbe 14 found that its evolution and involution was rapid, the structure 
first appearing at about the seventy-fifth day of gestation (20 mm. stage) 
and disappearing shortly thereafter. In some individuals, remnants of 
the gland apparently persist throughout fetal life and presumably en- 
large slowly during postnatal existence by retention of the products of 
the secreting epithelial cells. Indeed, small and clinically insignificant 
paraphysial cysts have been observed as incidental findings at autopsy. 14 
McLean 1 has fully described the life histories of these tumors. As they 
increase in size and become heavier, they sag downward upon the tela 
choroidea and in this way are eventually enfolded by the layers of the 
tela (Fig. 4). This intimate investment by the tela choroidea has led to 



4. — Adapted with modifications from Fig. 180 B of Larsell. 21 The formation of 
the primitive choroid plexuses is illustrated diagxammatically. A paraphysial cyst has 
been drawn in. It is shown sagging down upon the tela choroidea and, in turn, being 
enveloped by it. As the cyst enlarges and the pedicle thins, the choroid plexuses of 
tne third ventricle will fuse at the pedicle. The cyst eventually is invested with the 
two layers of the tela choroidea which comprises the outer flbrovascular investment. 


the erroneous conclusion by some writers that the cysts are derived from 
the choroid plexus. Although this pathogenetic conception is incorrect, 
these tumors are indeed intimately hound to the choroid plexus and tela 
choroidea. This raises surgical problems that will be more fully dealt 
with in later paragraphs. In time, if growth continues, the cyst enlarges 
until it occupies and fills the anterior portion of the third ventricle, 
eventually obstructing the intraventricular foramina. Since the tumors 
are exactly in the midline and are usually round, both foramina are 
likely to he blocked equally. The interference with drainage of the cere- 
brospinal fluid from the lateral ventricles into the third ventricle 
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102.6 F. but subsided gradually and became normal by the seventeenth postoperative 
day. At this time the ventricular and spinal fluid were xanthochromic. Indigo 
carmine dye instilled in the right lateral ventiicle was promptly recovered from the 
left ventricle and appeared also in the spinal canal in a few minutes. The power of 
her left extremities rapidly improved duiing the postoperative period, vision was 
leturning and she became alert and cheerful. She was up in a wheel chair on the 
eighteenth day and walking on the twentieth. She was discharged twenty-one davs 
after operation. At this time there was no gross weakness of the left extremities 
although a Babinski sign was present. The left angle of her mouth drooped slightly. 
The ocular palsies had disappeared and the papilledema was subsiding. She was able 
to read newsprint easily. Mental examination showed only a moderate psychomotor 
retardation and an unwarranted jocularity. 



„ . „,ni, of the patient taken seven weeks after operation. The only 
Fig- 3- — Photograpn at this time is a slight weakness of the left side of the face 

^hlcris demonstrated by her smile. 

offer operation, the patient had almost entirely recovered. She was 
Four months _ activities nnd had returned to her faint work. Visual acuity 

taking full P art i in ‘ ;m( j t)lc visual fields appeared full. The fundi were normal 

was 20/20 in either ej • ^ , Neurologic examination was negative except for 

with no evidence of op of t]ic mout h (Fig. 3). Tliero were no complaints 
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the position of the head. An explanation of this lias been given in a 
previous paragraph. It must he pointed out, however, that the spectacu- 
lar character of the phenomenon has made a greater impression than is 
warranted by the number of eases in which it has been seen. In those 
eases in which the patient came to operation, the sign was observed only 
in five instances (Table I) and in our case, which is included in the five, 
its existence became known only long after operation when the patient 
was pointedly questioned. Stookey found in an analysis of the literature 
that 39 per cent of patients had this symptom.* Nevertheless, it must be 
admitted that this sign, while suggestive, is not pathognomonic since it is 
occasionally observed with tumors of the fourth ventricle or those within 
the lateral ventricle. There have been three instances where the correct 
diagnosis was suspected or at least suggested and in none of these were 
postural headaches observed. More common but less dramatic has been 
the intermittency of the symptoms, periods of violent headache and 
vomiting appearing and vanishing with comfortable or entirely symptom- 
free intervals. This fact is perhaps of statistical value, but again 
surgeons of experience would hardly venture a diagnosis of tumor within 
the third ventricle on this ground alone, since intermittent headaches are 
so commonly experienced from tumors of various kinds in different loca- 
tions. 

Not only is a syndrome diagnostic of these tumors lacking, but a re- 
view of the literature reveals the somewhat astonishing fact that they 
may exist without producing evidence of intracranial hypertension al- 
though they cause other ominous symptoms. Slowly progressive de- 
mentia, 1T > 18 a chronic convulsive state, primary optic atrophy, and other 
symptoms not ordinarily ascribed to intracranial pressure may comprise 
the clinical picture of paraphysial cysts. 

Again, the histories of cases with paraphysial cysts show so many 
vagaries that little is obtained for diagnostic purposes from a study of 
the records. The first manifestations may announce themselves with 
apoplectiform rapidity, sudden coma and death terminating in a few 
hours what has apparently been a healthful life. 18 On the other hand, 
neurologic evidence for what appears to be diffuse degeneration of the 
nervous system may exist for years, symptoms of tumor being conspicu- 
ous by their absence. These considerations lead one to the view that 
diagnosis, with rare exceptions, depends upon evidence afforded by- 
pneumography. Indeed, in operations which have been carried out for 
paraphysial cysts, pneumographic study has been relied upon as the 
final arbiter and in every instance has preceded surgery, the pre- 
pneumographie diagnosis usually having been unlocalized brain tumor. 

The details of the pneumographic findings have been carefully de- 
scribed, first by Dandy 1 and later more fully by Davidoff and Dyke. 5 

V , a i ry ; s0 “ lewhat > mi nor differences depending upon the completeness 
ot the block of the intraventricular foramina, the integrity of the septum 
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ultimately results in a dilatation of the lateral ventricles which is gen- 
erally symmetrical. Since, in some cases, the duration of symptoms has 
been short while necropsy or ventriculographic study has disclosed very 
large lateral ventricles, the conclusion seems inescapable that gradual 
dilatation of these chambers from an incomplete block may occur and 
yet cause no symptoms. The onset of violent headache, vomiting, and 
papilledema apparently occurs when the last hit of flow through the 
intraventricular foramina of one or both ventricles is completely ob- 
structed. There is considerable reason to believe that impaction of the 
tumor into one or both foramina may occur for transient periods. Such 
episodes are marked by the sudden appearance of pronounced evidences 
of intracranial hypertension. The symptoms may subside even as 
abruptly. The explanation for this curious phenomenon is the fact that 
there is a certain degree of mobility to these pendulous tumors which 
hang from the roof of the third ventricle. A change in position of the 
head may dislodge the tumor enough to obstruct the intraventricular 
foramina suddenly and completely. Stookev thinks that yet another 
mechanism comes into play. The lesser veins of Galen are formed within 
the intraventricular foramina by the confluence of the veins of the 
choroid plexus and the veins draining the caudate nucleus and thalamus. 
Dislodgment of the tumor through alterations in position of the head, 
according to Stookey,® compresses the lesser veins of Galen at their origin 
causing venostatic edema of the basal ganglia as well as an increased 
secretion of cerebrospinal fluid due to the raised venous pressure in the 
choroid plexus. This latter phenomenon is thought to produce a vicious 
circle leading to a rapid and great increase of pressure within the lateral 
ventricles. Whatever the correct explanation may be, sudden death is 
not an uncommon ending to these episodes. 


DIAGNOSIS 

As McLean pointed out, the third ventricle being a cavity, tumors in 
it. can have no distinctive symptomatology except those due to an ob- 
structive hydrocephalus. Yet adventitious neurologic symptoms and 
si°ms may, and frequently do, appear from direct compression of ncigh- 
borin°- neural structures. Direct injury of the hypothalamic nuclei in 
the floor and walls of the third ventricle may give rise to diabetes 
insipidus, obesity and genital dystrophy, and on several occasions has 
produced* curious attacks characterized by flushing, lacrimal ion, sweat- 
ino- and other evidences of a diffuse sympathetic discharge, the so-called 
Encephalic epilepsy of Pcnfield. 1 ® Local paralyses and oculomotor dis- 
1 es have also been noted and many other neural disturbances for 
turianc e ‘ ) 0 „ encl i c exp l n nation is not clear. However, analysis of 
wine i i 7,-11 protocols easily convinces one that no syndrome 
the ^tmeiou ^ wlli( , h is typically produced by these tumors. While 
can he CO wr ; ters subscribe to this view, some believe that a ding- 

most ncuro ogie occurrence of violent headache with alteration in 

nostic symptom is tuc 
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PKEUMOGRAP&C DIAGNOSIS 

AND FINDINGS 

METHOD OF OPERATIVE 
REMOVAL 

POSTOPERATIVE COURSE 

AND RESULTS 

Ventriculography; both lateral 
ventricle? dilated and not 
communicating, no third ven- 
tricle visible 

Right hemisphere retracted 
from falx; corpus callosum 
split and body of rigid lat- 
eral ventricle entered. Fora- 
men of Monro identified and 
margin split anteriorly, tumor 
removed in toto 

Stormy; temp. 102 to 104° F. 
for 17 days; light hemiplegia. 
Hemiparesis 104 years later 

Ventriculography; marked dila- 
tation of both lateral ven- 
tricles which intercommuni- 
cated through ruptured sep- 
tum; no third ventricle visible 

Left hemisphere retracted from 
falx; posterior half of corpus 
callosum split and tela 
'dioroidea divided. Cyst 
aspirated and wall dissected 
free 

Temp. 99 to 102° F. for 17 
days; complete recovery 

Ventriculography; air injected 
in one lateral ventricle 
showed dilatation but did not 
pass to other lateral ventricle. 
Some air seen in the third 
ventricle which outlined fill- 
ing defect in the anterior 
portion 

Horseshoe-shaped block of tis- 
sue resected from right fron- 
tal lobe and lateral ventricle 
entered; anterior margin of 
foramen of Monro split, cyst 
aspirated, and wall dissected 
free 

Uneventful recovery 

Ventriculography; huge dilata- 
tion of both lateral ventri- 
cles. No air visible in the 
third ventricle 

Right occipital craniotomy and 
posterior portion of right 
hemisphere retfarted from 
falx. Corpus callosum split 
and lateral ventricle entered; 
foramen identified and en- 
larged anteriorly, cyst con- 
tents aspirated, and wall dis- 
sected free. 

Mental confusion and spatial 
disorientation for several 
weeks ; abnormal tempera- 
ture for 5 weeks. Well 0 
months later except for mild 
mental disturbances 

Ventriculography; both ven- 
tricles injected and huge 
dilatation observed. No third 1 
ventricle visible 

Two-stage operation; first stage 
transcortical incision through 
right frontal lobe into lateral 
ventricle and tumor visual- 
ized. Second stage, ventricle 
re-entered, foramen of Monro 
enlarged posteriorly, tumor 
dissected free from choroid 
plexus 

Fever 101° F. for one week, 
then uneventful recovery- 

Encephalography; lateral ven- 
tricles dilated. Air in the 
third ventricle outlining tu- 
nior in the anterior portion 

First stage, right subtemporal 
decompression. Second stage, 
transcortical incision through 
right frontal lobe into lateral 
ventricle. Cyst extracted 

through dilated foramen of 
Monro 

Visual impairment and dis- 
orientation for 4 weeks; com- 
plete recover}- in 3 months 

■Ventriculography; both lateral 
ventricles greatly dilated. No 
third ventricle visualized 

Transcortical incision through 
right frontal lobe into lateral 
ventricle ; tumor seen filling 
dilated foramen of Monro, 
cyst contents aspirated, and 
wall dissected free 

Uneventful and complete re- 
covery except for poor vision 

Ventriculography; dilated lat- 
eral ventricles communicat- 
es*. Air in the third ventricle 
outlining a tumor in the 
anterior portion 

Transcortical incision in right 
frontal lobe made through 
• small horizontal dural slit. 

! Lateral ventriele entered, 

foramen of Monro enlarged 
anteriorly, cyst contents cu- 
retted out, and wall dissected 
free 

Uneventful and complete re- 
covery 
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Summary of Clinical, Diagnostic, and Opef.. 


AUTHORS AND 
SURGEONS 

age 

AND 

SEX 

duratio: 

OF SYMF 
TOMS 

N 

'* CLINICAL HISTORY 

NEUROLOGIC FINDINGS 

W. E. Dandy 
Case 1 

1933 

24 

F 

9 Mo. 

Severe and continuous hea 
aclies 

d- Bilateral papilledema 0 
diopters; weakness of : 
sixth nerve 

W. E. Dandy 
Case 2 

1933 

34 

F 

10 Yr. 

Recurrent bouts of headacli 
and vomiting; faintin 

spells; disturbances in equ: 
librium, diplopia, and failin 
memory 

ie Mentally dull; bilateral p 
g ledema; slight bilateral ( 
i- thalmos; suggestive Horn 
g sign 

W. E. Dandy 
Case 3 

1933 

10 

F 

S Mo. 

Repeated bouts of headache 
one tonic convulsion; diplo 
pia and strabismus 

; Enlarged head; bilateral p 
ledema, strabismus; diagi 
of intraventricular ft 
made on basis of periodit 
tacks 

W. E. Dandy 
Case 5 

1933 

37 

F 

5 Yr. 

Repeated bouts of severe head- 
ache, dizziness and vomiting 
precipitated by change in 
position of head; occasional 
loss of consciousness in at- 
tacks and bradycardia as low 
as 44 per minute in attacks 

Neurologic examination a 
tive, fundi normal, venti 
lography performed befi 
of history 

H. M. Zimmer- 
man, and 

W. J. German 
Case 1, 1933 
(Operation 
by Sam 
Harvey) 

1 

1 

Recurrent attacks of headache,] 
weakness and drowsiness of 
increasing severity and fre- 
quency; two episodes of un- 
consciousness; sweating and 
flushing attacks; blurring of 
vision 

Bilateral papilledema <» 
diopters; clinical impre." 
tumor of third ventricle 

Byron Stookey 
Case 2 

1931 

43 

M 

B 

Severe bitemporal headache, ] 
blurring of vision, tinnitus 

Bilateral papilledema ot - 
3 diopters 

Byron Stookey 
Case 3 

1931 

31 

M 

1 Yr. C 

Inset with spells of dizziness I 
and weakness; later con- 
tinuous headaches and drowsi- 
ness, polydipsia and polyuria, 
exophthalmos; one fainting 
spell 

Hlatcrnl papilledema ana p”; 

eral exophthalmos? 
and hirsutism 

03 

F 

0 Yr.( ?) C 

Ine week severe headaches fol- B 
lowed by 5-year symptom- 
free interval; one month be- 
fore admission developed 
severe headaches and series 
of convulsions, vomiting at- 
tacks and failing vision 

ilateral papilledema, recur 
vision, inferior nasal den 
in field of right eye; eh'nK 
impression, tumor of the 
ventricle or bifrontal tu#" 

C. B. Jlascm 

Case 2 

1934 













WEINBERGER AND BOSHES: PARAPH YSIAL CYSTS 


I 

Data ok 17 Cases of Paf.aphysial Cysts 


377 


FXEUMOGRAPttC DIAGNOSIS 

AND FINDINGS 

METHOD OF OPERATIVE 
REMOVAL 

POSTOPERATIVE COURSE 

AND RESULTS 

Ventriculography; both lateral ! 
ventricles dilated and not 
communicating, no third ven- 
tricle visible 

Right hemisphere retracted 
from falx; corpus callosum 
-plit and body of right lat- 
eral ventricle entered. Fora- 
men of Monro identified and 
margin split anteriorly, tumor 
removed in toto 

Stormy; temp. 102 to 104° F. 
for 17 days; light hemiplegia. 
Hemiparesis 101 years later 

Ventriculography; marked dila- 
tation of both lateral ven- 
tricles which intercommuni- 
cated through ruptured sep- 
tum; no third ventricle visible 

Left hemisphere retracted from 
falx; posterior half of corpus 
callosum split and tela 
choroidca divided. Cyst 
aspirated and wall dissected 
free 

Temp. 99 to 102° F. for 17 
days ; complete recovery 

\ entriculography; air injected 
in one lateral ventricle 
showed dilatation but did not 
pa 5 ^ to other lateral ventricle. 
Some air seen in the third 
yentririe which outlined fili- 
ng defect in the anterior 
portion 

Horseshoe-shaped block of tis- 
sue resected from right fron- 
tal lobe and lateral ventricle 
entered ; anterior margin of 
foramen of Monro split, cyst 
aspirated, and wall dissected 
free 

Uneventful recovery 

'entriculography; huge dilata- 
tion of both lateral ventri- 
o'es. No air visible in the 
third ventricle 

Right occipital craniotomy and 
posterior portion of right 
hemisphere retfacted from 
falx. Corpus callosum split 
and lateral ventricle entered; 
foramen identified and en- 
larged anteriorly, cyst con- 
tents aspirated, and wall dis- 
sected free. 

Mental confusion and spatial 
disorientation for several 
weeks ; abnormal tempera- 
ture for 5 weeks. Well 6 
months later except for mild 
| mental disturbances 

1 entriculography; both ven- 

tncle, injected and huge 
dilatation observed. No third 
ventricle visible 

Two stage operation ; first stage 
transcortical incision through 
right frontal lobe into lateral 
ventricle and tumor visual- 
ized. Second stage, ventricle 
re-entered, foramen of Monro 
enlarged posteriorly, tumor 
dissected free from clioroid 
plexus 

Fever 101° F. for one week, 
then uneventful recovery 

Encephalography ; lateral ven- 
" c ' es dilated. Air in the 
Ir ventricle outlining tu- 
0r m the anterior portion 

First stage, right subtemporal 
decompression. Second stage, 
transcortical incision through 
right frontal lobe into lateral 
ventricle. Cyst extracted 

through dilated foramen of 
Monro 

Visual impairment and dis- 
orientation for 4 weeks; com- 
plete recovery in 3 months 

' e " tr ' c “ l ,°S ra PV; both lateral 
ventricles greatly dilated. No 
Hurd ventricle visualized 

Transcortical incision through 
right frontal lobe into lateral 
ventricle; tumor seen filling 
dilated foramen of Monro, 
cyst contents aspirated, and 
wall dissected free 

Uneventful and complete re- 
covery except for poor vision 

rninculography; dilated lat- 

T .en_tncles communicat- 

onfii^ r “ the tWrd ventricle 

anteri„ ne a • tumOT » the 
anterior portion 

Transcortical incision in right 
frontal lobe made through 
small horizontal dural slit. 
Lateral ventricle entered, 
foramen of Monro enlarged 
anteriorly, cyst contents cu- 
retted out, and wall dissected 
free 

Uneventful and complete re- 
covery 













AUTHORS AND 
SURGEONS 


AGE 

AND 

SEX 


DURATION 
OF SYMP- 
TOMS 


CLINICAL HISTORY 


NEUROLOGIC FINDIXi 


L. M. Davidoff, 
and C. Dyke 
Case 4 

1935 

, 19 
M 

10 Mo. 

Severe headaches induced t 
flexion of neck; lieadachi 
progressively - more sever 
flashes before eyes, one fain 
ing spell 

>y Bilateral papilledema 

38 

e ! 

t- 

L. M. Davidoff, 
and C. Dyke 
Case 5 

1935 

27 

F 

0 Yr. 

Early complaints of mild ii 
termittent headaches, trar 
sient blurring of vision an 
one convulsion; later sever 
headaches induced by chang 
of posture 

i- Bilateral papilledema 

i- 

d 

e 

e 

L. M. Davidoff, 
•and C. Dyke 
Case 7 

1935 

27 

F 

2 Mo. 

Sudden onset of severe con 
tinuous temporal and fronta 
headaches 

Bilateral papilledema 

1 

J. F. Paterson, 
and M. Leslie 
1935 

34 

M 

2} Yr. 

Recurrent attacks of headache! 
becoming more severe and ac 
companied by dizziness, 

vomiting and unconscious- 
ness; progressive visual 

failure 

i Bilateral papilledema; 
half reduced 

> 

A. J. McLean 
Case 2 

1930 

10 

F 

4 Mo. 

Amblyopia on change of 
postuic; recurrent attacks of 
headache and vomiting in- 
duced and relieved by change 
in posture; diplopia 

Bilateral papilledema, we 
of right external rectu 
central facial weakness 
tagmus, unsteadiness 
dysmetria and ataxi 
arms; clinical mipn 
clironic arachnoiditis 

W. J. Gardner, 
and 

0. Turner 

1937 

31 

F 

10 Mo. 

Severe frontal headaches and 
attacks of head pain ; failing 
vision 

Bilateral papilledema; 
spinal pressure, 250-301 
of water 

M. A. Shaver 
Case 1, 1940 
(Surgeon IV. S. 
Keith) 

20 

F 

2 Yr. 

Recurrent attacks of headache ] 
and vomiting becoming pro- 
gressively more severe 

Bilateral papilledema 

yj - A. Shaver 
Case 2, 1940 
(Surgeon, K. G. 
McKensie) 

— 2S — ' 
F 

5 Mo. 1 

i’rogressive visual failure I 

lilatcral papilledema 

lTm^^T"" 

berger, and 

B. Boshes 

1942 

F 

3 Wk. S 

iudden onset of severe con- B 
tinuous headaches associated 
with smiting attacks; head- 
aches aggravated by supine 
position, iclteved by erect 
posture; diplopia 

ilnteral papilledema of h 1 
tors; bilateral external ri 
palsies; clinical impres 
lmlncnliznble brain tamo 

























I — Cost’d 


PNFLMOGRAPHIC DIAGNOSIS 

AND FINDINGS 

MFTHOD OF OrERVTIVE 
REMOVAL 

POSTOPEPmVE COLRSE 

AND RESLLTS 

Encephalography , symmetrical 1 
dilatation of lateral ren 
tncles Air m tlie third veil 
tricle outlining a tumor m 
the anterior portion 

rianscortical incision through 
right frontal lobe into lateral 
ventricle Tumor seen in 

dilated foramen of Monio 
Cyst aspirated and wall di« 
sected free 

Model ate fever d weeks and 
then complete recovery 

\ entnculography , both lateial 
ventricle^ dilated Xo third 
ventricle visible and air 
shadows m foramina of 
Monro sharply cut off 
Shadoiv of tumor seen be 
tween lateral ventricles 

Finnsi ortieal incision tlirougli 
light frontal lobe into lateral 
veutncle Tumor seen m 

dilated foramen of Monio 
Cyst contents evacuated and 
wall dissected free 

Fever foi several weeks, re 
covcry Status (?) 

Encephalography , lateral i en 
tncles dilated Air m third 
ventricle outlined tumor m 
anterior portion 

Transcortical incision tluough 
right frontal lobe into lateral 
ventricle Cystic tumor pro 
jeeted through dilated fora 
men of Mom o, cyst contents 
removed, and wall dissected 
free 

Stupoious and hemiplegic for 
seieral days, moderate lienn 
paresis and mental confusion 
(i weeks latei 

Ventriculography , marked dila 
tation of both lateral ven 
tncles Xo third ventricle 
visible Indigo carmine dye 
passed readily from one lat 
teral ventricle to other 
through ruptured septum 
luciduni 

Block of right frontal lobe le 
sected and ventricle entered 
Tumor seen in dilated fora 
men which was enlaiged an 
terioily, tumoi lemoved m 
toto 

Fevei tot 0 days up to 102 4° 
F , mental confusion for 2 
weeks Two convulsions in 
po=topeiative penod and com 
plete recovery m S months 

Ventriculography , one lateial 
ventricle was injected and ap 
peared markedly dilated Air 
did not cross to other lateral 
ventricle but a small amount 
was =een in the third ven 
tricle which outlined tilling 
defect m anterior portion 

\\ edge shaped block of tissue 
lesoeted from left fiontal 
lobe and lateral veutncle en 
tered Tumor blocked fora 
men of Monro Cyst evaeu 
ateu and wall dissected free, 
modemte hemonliage 

High lever lor 5 weeks, bloody 

C F S , coarse tremors, com 
plete recoierv m 8 months 
except foi slight aphasia 

Ventneulo encephalographv , di 
lated Literal ventricles Po= 
tenor portion of the third 
veotncle visualized with air 
outlining tumor m anterior 
portion Indigo carmine civ e 
pa^ed from one lateral ven 
tncle to other 

Tianseortical incision through 
right frontal lobe into lateral 
ventricle Tumor presented 
in foramen of Monro which 
was enlarged anteriorly Cyst 
evacuated and capsule dis 
sected free 

Uneventful and complete le 
coverv 

I entnculographi , large dilated 
lateral ventricles Xo third 
ventricle visualized 

Transtoitieal incision through 
light frontal lobe into lateral 
ventricle Tumor piesented 
m foramen of Monro wlucli 
was enlarged antenorly, cyst 
evacuated and capsule dis 
sected free 

Uneventful and complete re 
covery except for epilepsy 
controlled by barbiturates 

' entnculography , one lateral 
ventricle injected with an 
and appeared dilated X< 
air visualized in other lateia 
ventricle or m third ventnch 

1 Transcortical incision through 

right frontal lobe into lateral 
) ventricle, evst presented m 

1 foramen of Monro which was 

s enlarged anterosupenorly 

Cyst removed m toto 

Slight fever, complete recoveiv 

^ entriculographj , air mjecte* 
mto both lateral ventricle 5 
Loth ventricle*? dilated, thin 
ventricle not visualized Ir 
di go carmine d\e injected ir 
to one lateral ventricle di 
not pa*s to other 

1 Transcortical incision through 
S right frontal lobe into lateral 

d ventricle Cyst grasped by 

1 instrument inserted into thirc 

i ventricle and withdrawal 

d through foramen of Monro 

| Moderate fever for 2 weeks, 

1 intraventricular hemorrhage, 
weakness of left extremities, 
l complete recovery m 3 months 
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AUTHORS AND 

SURGEONS 

age 

AND 

SEN 

DURATXO> 
OF SYMP 
TOMS 

CLINICAL niSTORl 

INEUKOI OGIC FINDINGS 

L. M Dav ldofE, 
and C. Djke 
Case 4 

1935 

19 

M 

10 Mo 

Severe headaches induced b 
flexion of neck; headache 
piogiessivelv moie seven 
flashes befoie eves, one faint 
mg spell 

j Bilateral papilledema 

IS 

L. M. Davidoff, 
and C. I)\ he 
Case 5 

193o 

27 

r 

0 Yi. 

Early complaints of nnld in 
terimttent headaches, tran 
sient bluiiing of vision am 
one com ulsion , later sever 
headaches induced by changi 
of postuie 

. Bilnteial papilledema 

1 

e 

L M. Davidoff, 
and C Dyke 
Case 7 

1935 

1 

2 Mo 

Sudden onset of severe con 
tinuous tempoial and fronta 
headaches 

- Bilateial papilledema 

1 

J. F Pateison, 
and M Leslie 
1935 

34 

M 


Recuirent attacks of headaches 
becoming moie seveie and ac 
companied by dizziness, 

v onntmg and unconscious 
ness; piogiessive visual 

failure 

s Bilateral papilledenn, ti 
half reduced 

A J McLean 
Case 2 

193G 

10 

F 

4 Mo 

Ambljopin on change of 
postuie, lecuirent attacks of 
headache and vomiting in 
duced and relieved bv change 
in postuie, diplopia 

Bilateral papillodcin i, " L,k 
of right external rcetu*, 
central facial weakness, 
tagmus, unsteadiness ot 1 
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by repeated ventricular punctures during the forty-eight hours that 
intervened between diagnosis and operation. 

Due to the infrequency of paraphysial cysts, methods of operation 
have varied considerably in regard both to the anatomic approach and 
the details of surgical technique. Dandy, in his early experiences, used 
three different methods of attacking these tumors. In his first case he 
retracted the right hemisphere from the falx in the parietal region, split 
the corpus callosum and entered into the right lateral ventricle. Work- 
ing within the lateral ventricle, he removed the tumor through the 
foramen of Monro. In his second case, he retracted the right hemisphere 
from the falx, split the corpus callosum and tela choroidea, and entered 
directly into the third ventricle thus exposing and subsequently remov- 
ing the tumor. In his third case, he resected a large block of tissue from 
the right frontal lobe and entered the lateral ventricle opposite to the 
foramen of Monro and removed the tumor through the foramen. It is 
our impression, gained from his subsequent writings , 20 that he favors the 
last method. All other operators who have succeeded in removing para- 
physial cj'-sts have adopted the transcortical method of entering the 
lateral ventricle. This seems to carry less hazards than the transeollosal 
route for several reasons. It avoids retraction of the hemisphere and 
ligature of the veins entering the longitudinal sinus, maneuvers which 
are likely to eause swelling of the hemisphere. It avoids dealing with 
the veins of Galen. Lastly, by offering a direct route to the foramen of 
Monro, the exposure is more ample, hemorrhage can be more easily dealt 
with, and there is less possibility of injuring vital neural structures. 

Dandy , 1 Paterson and Leslie,® and McLean 1 have resected round or 
wedge-shaped blocks of tissue from the frontal lobe in order to gain 
access to the lateral ventricle but this seems to be an unnecessary sacrifice 
of brain substance and offers slight or no advantage over a simple linear 
transcortical incision. The incision should be made well anterior to the 
motor cortex and preferably at right angles to it. The advantage of a 
horizontally placed incision is that the pressure and contusing effects of 
retraction are not exerted against the motor cortex as they are if the 
incision is made in a vertical (dorsoventral) direction. This precaution 
makes it easier to avoid a postoperative hemiplegia. In our own case, 
there was a moderate weakness of the left extremities for several days 
and in some eases the weakness has been marked and persistent. 

Since paraphysial cysts lie exactly in the midline, there is no occasion 
ever to approach the tumor from the left side. Where this has been done 
by McLean and by Dandy, aphasic disturbances or defects in spatial 
orientation have followed. 

It is our impression that operation for a paraphysial cyst should be 
performed in one stage. While Harvey 2 and Stookey 3 succeeded in accom- 
plishing two-stage removals, there have been two other eases where death 
has occurred between the first and second stage . 2 - 3 Operative trauma 
with its attendant cerebral swelling and disturbance of the intracranial 
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lucidum, the type of air study (ventriculography or encephalography), 
and whether one or both ventricles are punctured in the performance of 
ventriculography. 

Although Davidoff and Dylce 5 and Stookey 3 performed encephalog- 
rapliy in three cases and succeeded in diagnosing the tumors, it is the 
opinion of most neurosurgeons that the presence of intracranial hyper- 
tension makes this procedure hazardous, especially so in the light of 
recent knowledge respecting the mechanism of tentorial herniation. 
Their eneephalograpliic findings, however, are summarized in Table I. 

If bilateral burr holes are made and both lateral ventricles cannulated, 
a characteristic ventriculogram is obtained. Both lateral ventricles ap- 
pear dilated, and occasionally enormously so; they are usually sym- 
metrical. No air is visualized within the third ventricle in any position 
of the head. The foramina of Monro are dilated but the air shadows are 
sharply cut off (Fig. 1). Occasionally, in the anteroposterior projec- 
tions, the convex outlines of the tumor may be seen bulging into one or 
both lateral ventricles. Rarely, the block of the intraventricular 
foramina may not be complete so that a little air enters the third ventricle 
and outlines the tumor. 

If only one lateral ventricle is cannulated and the septum lucidum is 
intact, no air will escape from the ventricle and the roentgen film will 
show a single dilated lateral ventricle. On the other hand, if the septum 
lucidum is frayed and torn, as is frequently the case, air will pass 
through it and both ventricles will be visualized. With either of these 
two circumstances, interpretation may be confusing since the question 
of a technical fault may arise. The suspicion may occur that the absence 
of air in the third ventricle is clue to inadequate drainage of the ven- 
tricular system or to inadequate diffusion of air throughout the system. 
For these reasons it seems that less difficulty in roentgen interpretation 
will be encountered if both ventricles are injected with air at the same 


time. 

Preliminary to air injection, it is common practice to instill a few 
cubic centimeters of indigo-carmine dye into one lateral ventricle and 
then attempt to recover it from the other; failure to do so indicates a 
block of the intraventricular foramina, while passage of the dye is gen- 
erally taken to indicate free communication. It may be misleading to 
re j „ U p 0n the passage of dye, as several observers have pointed out" that 
dye may pass through, owing to rupture of the septum lucidum or to an 
' ' ompiete block of the foramina of Monro although a large tumor may 


be present. 


OPERATIVE TECHNIQUE 


•ation should be undertaken when the vcntriculographic diagnosis 
UP T j t seems that disaster is particularly prone to occur after 
3 made. third ventricle tumors, if the patients are not 

entriculograp ’ , j n our 0W n easc a fatality was avoided only 
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by repeated ventricular punctures during the forty-eight hours that 
intervened between diagnosis and operation. 

Due to the infrequency of paraphysial cysts, methods of operation 
have varied considerably in regard both to the anatomic approach and 
the details of surgical technique. Dandy, in his early experiences, used 
three different methods of attacking these tumors. In his first case lie 
retracted the right hemisphere from the falx in the parietal region, split 
the corpus callosum and entered into the right lateral ventricle. Work- 
ing within the lateral ventricle, he removed the tumor through the 
foramen of Monro. In his second case, he retracted the right hemisphere 
from the falx, split the corpus callosum and tela choroidca, and entered 
directly into the third ventricle thus exposing and subsequently remov- 
ing the tumor. In his third case, he resected a large block of tissue from 
the right frontal lobe and entered the lateral ventricle opposite to the 
foramen of Monro and removed the tumor through the foramen. It is 
our impression, gained from his subsequent writings , 20 that he favors the 
last method. All other operatoi’s who have succeeded in removing para- 
physial cysts have adopted the transcortical method of entering the 
lateral ventricle. This seems to carry less hazards than the transcollosal 
route for several reasons. It avoids retraction of the hemisphere and 
ligature of the veins entering the longitudinal sinus, maneuvers which 
are likely to cause swelling of the hemisphere. It avoids dealing with 
the veins of Galen. Lastly, by offering a direct route to the foramen of 
Monro, the exposure is more ample, hemorrhage can be more easily dealt 
with, and there is less possibility of injuring vital neural structures. 

Dandy , 1 Paterson and Leslie , 0 and McLean 7 have resected round or 
wedge-shaped blocks of tissue from the frontal lobe in order to gain 
access to the lateral ventricle but this seems to be an unnecessary sacrifice 
of brain substance and offers slight or no advantage over a simple linear 
transcortical incision. The incision should be made well anterior to the 
motor eortex and preferably at right angles to it. The advantage of a 
horizontally placed incision is that the pressure and contusing effects of 
retraction are not exerted against the motor cortex as they are if the 
incision is made in a vertical (dorso ventral) direction. This precaution 
makes it easier to avoid a postoperative hemiplegia. In our own ease 
there was a moderate weakness of the left extremities for several days 
and in some cases the weakness has been marked and persistent. 

Since paraphysial cysts lie exactly in the midline, there is no occasion 
ever to approach the tumor from the left side. Where this has been done 
by McLean and by Dandy, aphasie disturbances or defects in spatial 
orientation have followed. 


It is our impression that operation for a paraphysial cyst should be 
performed in one stage. While Harvey 2 and Stookey 2 succeeded in accom- 
plishing two-stage removals, there have been two other eases where death 
has occurred between the first and second stage . 2 - 3 Operative trauma 
with its attendant cerebral swelling and disturbance of the intracranial 
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lucidum, the type of air study (ventriculography or encephalography), 
and whether one or both ventricles are punctured in the performance of 
ventriculography. 

Although Davidoff and Dyke 5 and Stookcy 3 performed encephalog- 
raphy in three cases and succeeded in diagnosing the tumors, it is the 
opinion of most neurosurgeons that the presence of intracranial hyper- 
tension makes this procedure hazardous, especially so in the light of 
recent knowledge respecting the mechanism of tentorial herniation. 
Their encephalographie findings, however, are summarized in Table I. 

If bilateral burr holes are made and both lateral ventricles eannulated, 
a characteristic ventriculogram is obtained. Both lateral ventricles ap- 
pear dilated, and occasionally enormously so; they are usually sym- 
metrical. No air is visualized within the third ventricle in any position 
of the head. The foramina of Monro are dilated but the air shadows are 
sharply cut off (Fig. 1). Occasionally, in the anteroposterior projec- 
tions, the convex outlines of the tumor may be seen bulging into one or 
both lateral ventricles. Rarely, the block of the intraventricular 
foramina may not be complete so that a little air enters the third ventricle 
and outlines the tumor. 

If only one lateral ventricle is eannulated and the septum lucidum is 
intact, no air will escape from the ventricle and the roentgen film will 
show a single dilated lateral ventricle. On the other hand, if the septum 
lucidum is frayed and torn, as is frequently the case, air will pass 
through it and both ventricles will be visualized. With either of these 
two circumstances, interpretation may be confusing since the question 
of a technical fault may arise. The suspicion may occur that the absence 
of air in the third ventricle is due to inadequate drainage of the ven- 
tricular system or to inadequate diffusion of air throughout the system. 
For these reasons it seems that less difficulty in roentgen interpretation 
will be encountered if both ventricles are injected with air at the same 
time. 

Preliminary to air injection, it is common practice to instill a few 
cubic centimeters of indigo-carmine dye into one lateral ventricle and 
then attempt to recover it from the other; failure to do so indicates a 
block of the intraventricular foramina, while passage of the dye is gen- 
erally taken to indicate free communication. It may be misleading to 
rely upon the passage of dye, as several observers have pointed out" that 
dye may pass through, owing to rupture of the septum lucidum or to an 
incomplete block of the foramina of Monro although a large tumor may 

be present. 
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struct the cerebral aqueduct. The patient in Dandy’s 1 fifth case died 
after a stormy postoperative course from obstruction of the aqueduct. 

If the patients survive the operative procedure and the immediate post- 
operative course, complete recovery is generally to be expected. From 
this point of view, paraphysial cysts are extremely favorable tumors. Of 
the 17 cases operated upon, 13 showed complete or almost complete re- 
covery, 2 had residual hemiparesis, 1 had a mild residual aphasia, and 1 
was neurologieally normal but had epilepsy which was controlled with 
barbiturates. One of the cases of hemiparesis was reported only six 
weeks after operation^ and further recovery very likely took place. 

If the incision through the cortex is placed well anterior to the motor 
strip, complete recovery should follow operation, since removal of the 
tumor ordinarily entails no trauma to vital structures and normal ven- 
tricular drainage is promptly established. Focal epilepsy should be an 
uncommon sequel as little glial scar forms when the incision is carried 
down to the ventricle. 

In only one case has a postoperative pneumogram been performed, but 
m this instance the ventricular system was entirely patent. 


suadi YKY 

An additional case is recorded of a successful removal of a paraphysial 
cyst, thus bringing the number of reported surgical recoveries to seven- 
teen. In an effort to standardize the surgical management of these 
tumors, the literature is reviewed and certain conclusions reached con- 
cerning the most favorable methods and the techniques to be employed 
in both diagnosis and operation. 

Addendum 

Fourteen months aftei operation, the patient \\ rites that she is entiielv nett 
and is working full time. There luue been two brief attacks consisting of twitch 
ing of the left side of the face but with no loss of consciousness. 
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]i j di och'ii aniics seems to carry a much greater hazard if the tumor is not 
lemoved and the ventricular block released. For this reason, unless the 
desperate condition of the patient does not permi t, all efforts should be 
made to remove the tumor at one sitting. This also applies to those rare 
instances in which the lateral ventricles arc not sufficiently dilated for 
surgical maneuvers to be carried out easily within the ventricle. A pre- 
liminary subtemporal decompression to allow enlargement of the ven- 
tricle with the period of necessary waiting may he more dangerous than 
attempting to work within a small ventricle. 

The experience of surgeons who have successfully removed paraphysial 
cysts shows that ample working room is obtained within the dilated 
lateral ventricle. The structures are seen clearly with the aid of illumi- 
nated retractors which may be easily introduced within the ventricle. 
The foramen of Monro may be found promptly by following the choroid 
plexus forward until it is seen to disappear. The cyst, if large, presents 
itself as a greenish or bluish mass in a dilated foramen, and this is the 
usual finding. If small, it may not be visible and the foramen may ap- 
pear as a small slit. By tugging gently on the choroid plexus, the cyst 
wall can be brought into view in the aperture of the foramen and then 
grasped with an instrument. In our case, it was possible thus to tease 
the cyst through the foramen, but if 1 he tumor is quite large, one must 
resort to other methods of delivery. 

Some operators have first evacuated the thick colloidal contents of the 
cyst by aspiration and then delivered the capsule through the foramen. 
Others have enlarged the foramen by slitting its margin. The slit can 
be made safely only in the anterior rim of the foramen which is formed 
by the descending pillars of the fornix. Several small veins lie in this 
region, the largest of which is the vein of the septum lucidum. These 
may be coagulated easily and the enlarging of the foramen becomes a 
bloodless procedure. 

As pointed out earlier, the paraphysial cyst is intimately connected 
to the choroid plexus and the tela choroid ea, but this is its only point ol' 
attachment. When the cyst or the cyst wall is in full view this attach- 
ment can be readily clipped or coagulated and the cyst cut free. This 
is a simple but important step, for should the cyst be inadvertently torn 
nwav severe hemorrhage, difficult to control, will result and the door of 
the third ventricle be injured in the attempt to handle the bleeding. 

Since the manipulations around the foramen may produce edema and 
thus obstruct drainage of the ventricle for a lew days, it is worth while 

, . a tlie precaution of tearing a small opening in the septum lucidum, 
y Ula is not already present. The occurrence of cerebral swelling as a 
11 0I1 ?,„a„cp of operative manipulations may require drainage of the 
consc 1 j ew jjjjyg with a Penrose drain or an indwelling cannula, 

ventricle oi * {f( m „ove blood and detritus from the ventricle 

Drainage a - nl0VC( ] m: iy not only cause fever hut conceivably may oh- 


THE USE OF DETERGENTS IN THE CLEANSING AND LOCAL 
TREATMENT OF BURNS 

Norman Rosenberg.® M.D., New York, N. Y. 

I N CIVIL life, tlie most common causes of burns are (1) fire, (2) hot 
liquids, (3) contacts with hot surfaces, (4) electric burns, (5) chemi- 
cal burns, and (6) sunburn. 1 The common contaminants of such in- 
juries are the various forms of particulate soil and the charred remnants 
of clothing. Fuel oil and grease are sometimes found on burned surfaces 
following automobile and the occasional maritime accidents. The usual 
reason for the presence of oil-, fat-, or grease-covered burns in civilian 
practice is the application of these substances to the burned area either 
by the patient or someone rendering first aid. 1 

In time of war, however, different types of burns result. They are 
more frequent and severe and occur under conditions which may render 
emergency treatment difficult. War bums are most often due to (1) 
gun or bomb flash, (2) boiling or burning oil, especially in disasters at 
sea. (3) incendiary bombs, (4) gasoline explosions. (5) electricity, and 
(6) chemicals (mustard gas. phosphorus, etc.). 2 Besides the delay which 
is often incurred before proper treatment can be instituted, these bums 
are usually contaminated by particulate soil, charred clothing, and often 
by heavy coats of grease and hydrocarbon oils. There may be other 
injuries in addition. 

The difficulties encountered hi cleansing and debridement are obvious, 
and the inadequacies of most cleansing methods used at present have 
been admitted by workers in the field. This is especially true jn burns 
contaminated by greases and oils. Indeed in certain such cases sub- 
sequent tanning procedures have proved to be inefficient or have had 
to be omitted. 3 The literature, both before and during the present world 
conflict, abounds in references emphasizing the lack of a cleansing 
method which would not subject the already shocked patient to general 
anesthesia and in which vigorous scrubbing with soaps and irritating 
solvents would not be necessary. These latter methods often injure or 
remove healthy tissue. 4 ’ 3 

The coagulation treatment of burns appears to be efficient and in many 
cases practical. 0 The eschar, when formed on a relatively clean sur- 
face by tannic acid, gentian violet, triple dye. or the like, accomplishes 
many purposes: (1) it prevents the loss of fluid, electrolytes, and 
protein from the burned surface-. (2) it is an efficient barrier against 
exogeno us infection, especially dangerous in the critical, early period 
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THE USE OF DETERGENTS IN THE CLEANSING AND LOCAL 
TREATMENT OF BURNS 

Norman Rosenberg, 1 ' M.D., New York, N. Y. 

IN CIVIL life, the most common causes of burns are (1) fire, (2) hot 
liquids, (3) contacts with hot surfaces, (4) electric burns, (5) chemi- 
cal burns, and (6) sunburn. 1 The common contaminants of such in- 
juries are the various forms of particulate soil and the charred remnants 
of clothing. Fuel oil and grease are sometimes found on burned surfaces 
following automobile and the occasional maritime accidents. The usual 
reason for the presence of oil-, fat-, or grease-covered burns in civilian 
practice is the application of these substances to the burned area either 
by the patient or someone rendering first aid. 1 

In time of war, however, different types of burns result. They are 
more frequent and severe and occur under conditions which may render 
emergency treatment difficult. War burns are most often due to (1) 
gun or bomb flash, (2) boiling or burning oil, especially in disasters at 
sea, (3) incendiary bombs, (4) gasoline explosions, (5) electricity, and 
(6) chemicals (mustard gas, phosphorus, etc.). 2 Besides the delay which 
is often incurred before proper treatment can be instituted, these burns 
are usually contaminated by particulate soil, charred clothing, and often 
by heavy coats of grease and hydrocarbon oils. There may be other 
injuries in addition. 

The difficulties encountered in cleansing and debridement are obvious, 
and the inadequacies of most cleansing methods used at present have 
been admitted by workers in the field. This is especially true jn burns 
contaminated by greases and oils. Indeed in certain such cases sub- 
sequent tanning procedures have proved to be inefficient or have had 
to be omitted. 3 The literature, both before and during the present world 
conflict, abounds in references emphasizing the lack of a cleansing 
method which would not subject the already shocked patient to general 
anesthesia and in which vigorous scrubbing with soaps and irritating 
solvents would not be necessary. These latter methods often injure or 
remove healthy tissue. 4 ’ s 

The coagulation treatment of burns appears to be efficient and in many 
eases practical. 0 The eschar, when formed on a relatively clean sur- 
face by tannic acid, gentian violet, triple dye, or the like, accomplishes 
many purposes: (1) it prevents the loss of fluid, electrolytes, and 
protein from the burned sui’face; (2) it is an efficient barrier against 
exogeno us infection, especially dangerous in the critical, early period 
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Table I 


Analysis op Preliminary Cleansing Methods Employed in the Treatment ok 

Borns 


cleansing method 

SEDATION 

TREATMENT TO 
FOLLOW 

REMARKS 

Slight superficial 
cleansing 

Morphine 

Saline baths and 
dressings 

Bulky; much nursing 
needed; only a few 
patients can he 
treated; danger of 
infection 

Slight superficial 
cleansing 

Morphine 

Triethanolamine*- 

sulfadiazine 

spraysi 

Potentially infected 
material left be- 
hind; sulfadiazine 
not all-powerful 

Moderate, gentle 
scrubbing and de- 
bridement (white 
soap and water) 

Morphine 

Vaseline gauze 
and pressure 
dressings 22 
Tanning or coagu- 
lation**, 2 * 

No effective removal 
of layers of giease 
or oil 

Moderate to consider- 
able scrubbing with 
saline or green 
soap and water 
Ether soaps, grease 
solvents 

Moderate to consider- 
able debridement 

Morphine, 

general 

anesthesia 

Tanning or coagu- 
lation 3 . 20 

Shook increased by 
scrubbing and 
anesthesia ; healthy 
tissue injured or 
removed by sol- 
vents and scrub- 
bing methods 


•Triethanolamine has detergent properties but is employed in the above mixture 
£or its penetrant and solvent qualities. 


of treatment; (3) it further decreases the incidence of shock by rapidly 
diminishing pain; and (4) it allows for greater ease in nursing and in 
transportation. Other methods offer no such advantages. Saline baths 
are efficacious when adequate nursing and hospital facilities ai’e avail- 
able but are not practical in widespread disasters.' 1 

Infection is the great complication in the coagulation treatment and, 
indeed, in any proscribed treatment for burns. The probable origin of 
most suppuration occurring under “tans” is the initial contamination 
which had never been fully eradicated. 4 Certain infections may have 
their portal of entry at the edges of the eschar or in cracks in its surface. 

More recently, in preference to coagulation procedures, immobiliza- 
tion bv pressure dressings lias been suggested as a more effective treat- 


ment than tanning." 

In the past, few years, a group of chemical compounds, the so-called 
vnthetic detergents, have gained wide use, at first in industry and more 
j n dermatology. Detergents are substances in which the 
1 properties are dependent on a bipolarity of chemical structure, 

vrt of "these substances show a hydrophilic, or water-attracting, group 
t 1 vdrophobic group which finds its greatest attraction toward 
and a , { caS n v wet by water (that is. certain particulate 

solids and Juimus 
soil, oils, and greases). 
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Many types of agents present these necessary chemical groups in 
their molecular structure. They are listed in Table II. 

Table II 

A List or the Main Types of Detergent Molecules* 

1. Sulfonated vegetable or animal oils 

2. Sulfated alcohols 

3. Sulfonated fatty esters or amides 

4. Sulfonated alkylated aromatic hydrocarbons 

5. Sulfonated ethers 

6. Sulfonated aliphatic di-esters 

7. Phosphated or bora ted fatty alcohols 
S. Sulfonated hydrocarbons 

9. Fatty amine salts 

•After Lane and Blank. 1 


The mechanism of action becomes apparent when a substance with 
such remarkable bipolarity is mechanically distributed throughout a 
water-insoluble medium, either particulate or homogeneous. The hydro- 
phobic pole will orient and fix itself about the particle or molecule of 

CHO-SO-Xa Water-Attracting (Hydrophilic) Group 


CH, 

(CH,)n Water-Repelling (Hydrophobic) Group 

CHj 

Fig. 1. — The diagrammatic configuration of a simple synthetic detergent 


homogeneous substance (oil), leaving its hydrophilic, or water-attract- 
ing, pole projecting outward in radial fashion (Fig. 2). A particle or 
molecule thus coated lias an external layer of a water-soluble or a 
water-attracting group which renders the particle “solubilized,” or 
more easily influenced by water. 

Because the hydrophobic pole of the detergent is attracted to water- 
repelling substances, these agents are endowed with a variable amount 
of penetrating power, due to the attempt of this attraction to satisfy 
itself. The amount of mechanical agitation necessary to distribute uni- 
formly a detergent through a layer of grease so that the entire grease 
layer may be subsequently washed off with water depends on the pene- 
trating power of the particular detergent or detergent mixture em- 
ployed. 

Synthetic detergents are particularly fitted for the cleansing and 
debridement of those burns contaminated with and covered by a layer 
of grease, oil, and particulate matter. Most of them are nonirritating 
and have a pH which varies from neutrality to moderate alkalinity. 
Many have been used repeatedly and for long periods as soap substitutes 
for sensitive skins and as ingredients in dermatologic ointments/- 8 - »■ 50 
Nearly all of them have bacteriostatic and some bactericidal power espe- 
cially for the cocci found on the skin,”- 13 > -- - and many have proved 
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noninjurious to animals, even after prolonged oral and parenteral ad- 
ministration. 17 As an antiseptic, the application of some of the synthetic 
detergents to wounds and even to empyema cavities has already been 
tried either alone or with other antibacterial agents. 11 - 12 - 14 - 22 One could 
hardly desire a more compatible array of qualities. 




TTater-tttractlng Zone 


CHO-SOjHa 



Fig. 2. — The hydrophobic poles of the detergent molecules coat and are adsorbed 
at the surface of the nonwetting, water-repelling particle or molecule. The hydrophilic 
poles project away from the particle to form a halo of water-attracting groups, thus 
“solubilizing" the particle of soil or molecule of grease. 


Nearly 100 tests, each employing a different single detergent or 
detergent mixture, have been made on the normal, intact human skin. 
These experiments were all of a similar nature. Their purpose was to 
determine the effectiveness of the agent or mixture tested in removing 
from a given surface a layer of grease, oil, or fat, often purposely con- 
taminated with particulate matter. The time and mechanical force 
necessary to disperse the agent throughout the grease or oil was also 
estimated and considered in the evaluation. Some six different mixtures 
proved most effective and required the least mechanical dispersion be- 
fore the layer of grease was thoroughly and uniformly mixed with the 
agents used. With all of the effective mixtures, running water would 
then within a few seconds, wash off the grease-detergent or oil-detergent 
combination. A clean skin remained, which, when dried by blotting, 
r seated a definitely nongreasy feel, drier even than untreated normal 
sl'hi In other words, not only had 1 he applied grease or oil been 
S ff c *tivelv removed, but along with it the natural skin oils, leaving a 
C Vce ready for the application of dye or water-soluble tanning agent, 
surface ‘ ' (0 , ns 0 f s kin irritation resulted except dryness, which 

No signs o ^ eaJe j use .All of the mixtures listed in Table III in 

OCCU1TC a c Tiro ved to he cleansing agents far superior to green 

comparative tests pro 

soap and water. 
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Since the cleansing of a given burned area is carried out only once, 
more powerful detergent combinations and stronger concentrations may 
be employed than would be considered suitable for repeated use (such as 
a soap substitute). Also, as a careful study of Table III reveals, it has 
been possible to employ adjuvant penetrant agents in some mixtures to 
lessen the amount, of mechanical dispersing force necessary to distribute 
the detergent throughout the grease layer. No irritation resulted from 
the application of these penetrating agents to small skin areas or to 
relatively small burned areas in clinical cases. 

The composition of certain detergent mixtures was based upon the 
following theoretical concept which subsequently proved to be efficacious 
in actual practice. For a long time it has been known that oils are 
detergents in a sense, and it has been found that grease and heavy oils 
may be removed from the skin by rubbing a readily mixing fat or oil into 
the grease layer and then washing with soap and water. 1 ® It is known, 
therefore, that hydrocarbon oils are miscible with grease and hence 
easily penetrate grease and oil layers with the aid of some mechanical 
dispersion. If one then subjects these hydrocarbon oils to the action of 
concentrated sulfuric acid, one or more sulfonate groups, which are 
water soluble, are chemically added to the molecule, forming a sulfonated 
oil or petroleum. This molecule, which possesses an oil-soluble pole and 
a water-soluble pole, fulfills the basic requirements previously described 
for a typical detergent. At the same time, it preserves in its only 
slightly hut significantly altered molecule the power to pentrate other 
grease or oil hydrocarbon layers. Thus, sulfonated petroleum (Sulfa- 
tate, Glyeo) is used in most of the above mixtures, not only because of 
its own penetrating and detergent powers, but also as a vehicle or carrier 
for more powerful detergent substances. These latter otherwise might 
not be able to penetrate a grease layer except after considerable me- 
chanical assistance in the form of massage. Again, once the detergents 
have been uniformly dispersed throughout the grease or oil, running 
water will wash both grease and detergent away. There is usually more 
attraction between detergent and the hydrophobic grease or particulate 
soil, so that the molecule of soil is literally dragged along with the at- 
tached detergent as the latter is carried away by the stream of water . 19 

For civilian use, in those burns contaminated only by light oils, oint- 
ments, or fats, usually applied by someone rendering first aid, almost 
any detergent mixture will prove efficient. 

In military practice, however, burns are often covered with heaw 
fuel oil or grease, requiring more powerful cleansing mixtures which 
are easily dispelled throughout a heavy layer of these contaminating 
substances. While in burns sustained on land, fresh water is usually 
available to wash off oil-detergent combinations, in disasters at sea, salt 
water is the only water to he had in quantity. Detergent mixtures de- 
signed for the cleansing of burns on board ship must therefore possess 
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noninjurious to jiiiimnls, even after prolonged oral and parenteral ad- 
ministration. 1 ' As an antiseptic, the application of some of the synthetic 
detergents to wounds and even to empyema cavities lias already been 
tried either alone or with other antibacterial agents."- ,2 < 25 One could 

hardly desire a more compatible array of qualities. 
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"solubilizing’' the particle of soil or molecule of grease. 

Nearly 100 tests, each employing a different single detergent or 
detergent mixture, have been made on the normal, intact human skin. 
These experiments were all of a similar nature. Their purpose was to 
determine the effectiveness of the agent or mixture tested in removing 
from, a given surface a layer of grease, oil, or fat, often purposely con- 
taminated with particulate matter. The time and mechanical force 
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proved most effective and required the least mechanical dispersion be- 
fore tlve layer of grease was thoroughly and uniformly mixed with the 
no-ents used. With all of the effective mixtures, running water would 
then within a few seconds, wash off the grease-detergent or oil-detergent 
combination. A clean skin remained, which, when dried by Wotting, 
presented a definitely nongreasy feel, drier even than untreated normal 
j . j u 0 ther words, not only had the applied grease or oil been 
S festively removed, but along with it the natural skin oils, leaving a 
c l< ^ re ady for the application of dye or water-soluble tanning agent, 
surface wmp toms of skin irritation resulted except dryness, which 
No signs o eate( i use. All of the mixtures listed in Table III in 

occurrec a e d to be cleansing agents far superior to green 

comparative tests n 

soap and water. 



ROSENBERG: CLEANSING AND TREATMENT OF BURNS 


389 


Since the cleansing of a given burned area is carried out only once, 
more powerful detergent combinations and stronger concentrations may 
be employed than would be considered suitable for repeated use (such as 
a soap substitute). Also, as a careful study of Table III reveals, it has 
been possible to employ adjuvant penetrant agents in some mixtures to 
lessen the amount of mechanical dispersing force necessary to distribute 
the detergent throughout the grease layer. No irritation resulted from 
the application of these penetrating agents to small skin areas or to 
relatively small burned areas in clinical cases. 

The composition of certain detergent mixtures was based upon the 
following theoretical concept which subsequently proved to be efficacious 
in actual practice. For a long time it has been known that oils are 
detergents in a sense, and it has been found that grease and heavy oils 
may be removed from the skin by rubbing a readily mixing fat or oil into 
the grease layer and then washing with soap and water . 18 It is known, 
therefore, that hydrocarbon oils are miscible with grease and hence 
easily penetrate grease and oil layers with the aid of some mechanical 
dispersion. If one then subjects these hydrocarbon oils to the action of 
concentrated sulfuric acid, one or more sulfonate groups, which are 
water soluble, are chemically added to the molecule, forming a sulfonated 
oil or petroleum. This molecule, which possesses an oil-soluble pole and 
a water-soluble pole, fulfills the basic requirements previously described 
for a typical detergent. At the same time, it preserves in its only 
slightly but significantly altered molecule the power to pentrate other 
grease or oil hydrocarbon layers. Thus, sulfonated petroleum (Sulfa- 
tate, Glyco) is used in most of the above mixtures, not only because of 
its own penetrating and detergent powers, but also as a vehicle or carrier 
for more powerful detergent substances. These latter otherwise might 
not be able to penetrate a grease layer except after considerable me- 
chanical assistance in the form of massage. Again, once the detergents 
have been uniformly dispersed throughout the grease or oil, running 
water will wash both grease and detergent away. There is usually more 
attraction between detergent and the hydrophobic grease or particulate 
soil, so that the molecule of soil is literally dragged along with the at- 
tached detergent as the latter is carried away by the stream of water . 19 

For civilian use, in those burns contaminated only by light oils, oint- 
ments. or fats, usually applied by someone rendering first aid, almost 
any detergent mixture will prove efficient. 

In military practice, however, burns are often covered with heavy 
fuel oil or grease, requiring more powerful cleansing mixtures which 
are easily dispersed throughout a heavy layer of these contaminating 
substances. While in burns sustained on land, fresh water is usually 
available to wash off oil-detergent combinations, in disasters at sea salt 
water is the only water to be had in quantity. Detergent mixtures de- 
signed for the cleansing of burns on board ship must therefore possess 
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the additional quality of solubility in sea water. Mixtures of various 
types are included in Table III. They all embody principles already 
discussed. Many other similarly patterned detergent mixtures are of 
course possible and are being investigated at this writing. 

As outlined, the cleansing of a grease- or oil-covered burn is thus 
rendered as simple as possible. Penetration of the oily layer and union 
of detergent and oil molecules constitute the first step, and the non- 
traumatic washing away of grease and other superficial soil completes 
the cleansing procedure. 


CLINICAL APPLICATION 

Twenty-five patients with burns were treated in the Deception Ward 
of the Mount Sinai Hospital, New York City. All of these patients, who 
were ambulatory, sustained burns which were second degree in nature 
and involved a relatively small area of skin. In most instances, the 
burned areas, when first seen, were covered with ointments, fats, or oils, 
although an occasional area was contaminated with lubricating grease 
and considerable particulate matter. Several electrical burns of a super- 
ficial nature were coated with soot. During this period of study no 
burns were so extensive as to require hospital admission. 

All burns covered with grease, oil, or fat were gently swabbed with 
cotton pledgets which had been soaked in a particular de- 
tergent mixture. No sedation was needed in these relatively minor 
burns. In many eases, only about two or three cubic centimeters of 
the mixture were necessary, and only a slight amount of swabbing was 
required to impregnate the grease or oil layer with the detergent (the 
heavier the type of grease, the greater was the amount of dispersing 
force needed). Sterile water was then allowed to flow over the burned 
area, with or without the gentlest of swabbing. The detergent and the 
contaminating agents were easily washed away in almost all instances, 
leaving a clean burned area. After gentle drying with a sterile towel, 
the burn was then ready for the debridement of vesicles and tanning. 
For evidence that all grease or oil had been completely removed, a good 
“take"’ of dye, usually a 2 per cent aqueous gentian violet, was attained 
at the first application. Dyed areas also seemed to show a tendency to 
dry more quickly, and areas usually difficult and slow to stain, such as 
debrided vesicles and other denuded portions, took up the dye as quickly 
or more quickly than the adjacent, easily coated areas. 

The agents employed caused neither symptoms nor signs of local ir- 
ritation or pain. Indeed, some of the preparations appeared even 
soothing in nature. 

CONCLUSIONS 

1. Most workers are of the opinion that vigorous cleansing methods 
have no place in the preliminary treatment of burns because (a) anes- 
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tliesia is required, (b) shock is thereby increased, and (e) injury to 
remaining healthy tissue results from scrubbing and the use of irritating 
cleansing agents. 

2. In many bums the tanning or coagulation method of local treat- 
ment would seem to possess 1 he advantages of (a) simplicity of applica- 
tion, (1)) prevention of fluid, electrolyte, and protein loss from the 
burned area, (c) prevention of subsequent exogenous infection, pro- 
vided proper aftercare of the eschar is carried out, (d) rapid easing of 
pain, and (c) the facilitation of subsequent nursing and transportation. 
Infection arising from beneath the eschar speaks for the inadecjuacy of 
preliminary cleansing procedures. More recently, methods of treatment 
other than tanning have been recommended. These also have been dis- 
cussed. 

3. Certain of the synthetic detergents, employed in one of several 
combinations, act as cleansing agents in the local treatment of burns. 
Their unique properties which make them superior to other cleansing 
agents arc (a) their ability to penetrate and "solubilize” substances 
such as greases, oils, and fats, as well as particulate matter ; these types 
of contaminants arc thus rendered more easily removable by water; 
(b) their lack of either irritating or noticeable tissue-damaging prop- 
erties as employed; (c) their antiseptic nature; and ( d) the fact that, 
after all grease, including the normal skin oils, is removed, the sub- 
sequent "take” of dye or tanning agent is rendered easier and a proper 
eschar more readily formed. 

4. The principle of employing a penetrant detergent, such as sul- 
fonated petroleum, as a carrier for other more powerful detergents is 
especially valuable, in so far as it greatly diminishes the amount of 
mechanical dispersion required to distribute the cleansing solution uni- 
formly throughout an oil or grease layer. 

5. In clinical tests with a number of detergent mixtures, performed 
both on controls with normal, intact skin, and on twenty-five patients 
with relatively mild, second degree burns, the properties listed above 
were substantiated. More than three-quarters of the burns when fit’s t 
observed in the emergency service of a metropolitan hospital were 
covered with grease, oil, fats, or ointments. It is in this group of cases, 
especially, that the action of the synthetic detergents is best demon- 
strated. 

6 Bums covered with grease and oil, the result of military engage- 

' „ n11( j land, repi’esent a problem in which the application of 
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THE USE OF TANNIC ACID JELLY IN EXPERIMENTAL BURNS 
Donald D. Matson,* M.D.', Boston, Mass. 

(J’rom the Surgical Clinic of the Peter llcnt Brigham Hospital and.the Laboratory of 
Surgical Jlcscarch, Harvard Medical School) 

INTRODUCTION 

1 I ’HE importance of the proper emergency treatment of burns has 
been greatly accentuated by the marked increase in this type of 
injury in modern warfare. Military experience in the past two years 
has focused attention on the criticism made even before the present 
war, that tanning burned skin encouraged the spread of infection be- 
neath the tanned area. It has also been emphasized recently that tan- 
ning is undesirable about the neck, face, and genitals and about joints 
where full range of motion might be limited by an inelastic eschar. 
In addition, tanning which completely surrounds an extremity may, 
of course, be dangerous because of constriction by an encircling eschar. 

Tanning agents, however, have done a great deal to lower mortality 
and to alleviate pain during the first forty-eight hours following severe 
burns. Their use in first-aid treatment has had wide publicity among 
thousands of lay people, the services of whom must now be utilized in 
our medical defense program. Consequently, the indications for the 
use of such agents should be clarified and understood by civilian as 
well as military first-aid personnel. 

It seemed wise, therefore, to investigate some of the properties of 
water-soluble tannic acid jelly, since this substance has been widely 
recommended in the first-aid treatment of burns of the trunk and 
extremities. This was attempted with the hope of learning under what 
circumstances such tanning may still be the procedure of choice. 

Only the problem of the local first-aid treatment of the burn itself 
is considered. No attempt will be made in this paper to deal with the 
problems of shock, chemotherapy, and subsequent treatment of denuded 

areas. 

Investigations were carried out on a 10 per cent tannic acid jelly in a 
water-soluble base, tragacanth, dispensed under the name of Tanaburn.* 

MATERIAL AND RESULTS 

The following studies were done: 

1 Cultures of tanaburn, taken from unselected tubes of the jelly and 
planted on standard blood agar pour plates, showed no growth. 

* Manuf ac t u r ecT "by C Ta il by-Na son Co., Boston. Mass. 
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2. Standard blood agar pour plates were made incorporating tana- 
burn in approximately a 0.3 per cent solution, well dispersed in the 
liquid agar before the plates were poured. These were inoculated with 
pure cultures of (1) beta hemolytic streptococci. (2) Staphlococcus 
aureus, and (3) Bacillus coli. Control plates were poured with each of 
these organisms, leaving out the tanaburn. In each instance, the num- 
ber of colonies present at the end of twenty-four and forty-eight hours 
in the tanaburn pour plates was equal to the number in the control 
plates. 

3. A pure culture of beta hemolytic streptococci in dextrose broth 
was inoculated directly into tanaburn itself in a sterile test tube. This 
mixture was incubated and streak plates were made at six. twenty- 
four, and forty-eight hours. There was no growth in any of these 
preparations. It is probably not fair here to conclude that the tana- 
burn was bactericidal for the organisms in the absence of any media 
to support their growth. 

4. The action of tanaburn on normal and infected burned skin when 
applied almost immediately after the burn was studied as follows : The 
chest and abdomen of an anesthetized dog were shaved. Standard 
burns were induced with an ordinary Bunsen burner flame, each area 
being exposed to the flame for approximately two minutes. This was 
sufficient to produce discoloration, blistering, and visible weeping of 
the burned area. At the conclusion of the experiment, the animal was 
sacrificed. 

Four areas were burned as shown in Fig. 1 and treated as follows: 

(a) Burned, infected with beta hemolytic streptococci, covered with 
a thick layer of tanaburn, and a dry sterile dressing applied 

(b) Burned and covered with a dry sterile dressing 

(c) Burned, infected as in (a) with beta hemolytic streptococci, and 
covered with a dry sterile dressing 

(d) Burned, covered with a layer of tanaburn, and a dry sterile 
dressing applied (not infected). 

Cultures were made by swabbing the skin surface and introducing 
the swab together with a small piece of skin, removed under aseptic 
precautions, into dextrose broth. The broth cultures were incubated 
two hours, and standard blood agar pour plates were made and ex- 
amined at forty-eight hours. The results are shown in Table I. The 
cultures from the burned, infected, and tanned skin at one, three, five, 
and twelve hours, respectively, were saved, incubated forty-eight hours 
longer, and then streaked onto blood agar plates. The results are 
shown in Table II. 

These experiments were then repeated on another animal, using boil- 
ing water burns and a different strain of hemolytic streptococci. Three 
areas were burned as illustrated in Fig. 2. Circulating boiling water 
was applied to the skin in each area for from one to two minutes, using 
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Table' I 


CULTURES AT 2 HR. 

GROWTH AT 48 HR. (POUR PLATES) 

1. Normal skin 

2. Burned skin at five hours each 

3. Burned and tanned skin at five hours 
each 

4. Burned and infected skin at five hours 
each 

5. Burned, infected, and tanned skin at 
one hour each 

6. Burned, infected, and tanned skin at 
three hours each 

7. Burned, infected, and tanned skin at 
five hours each 

S. Burned, infected, and tanned skin at 
five hours each 

1. Abundant growth of Staphlococcus 
aureus and diphtheroids 

2. No growth 

3. No growth 

4. 25 to 30 colonies of beta hemolytic 
streptococci 

а. No growth 

б. No growth 

7. No growth 

8. No growth 

Table II 

CULTURES AT 48 HR. 

GROWTH 48 HR. LATER (STREAK PLATE) 

5. Burned, infected, and tanned skin at 
one hour each 

6. Burned, infected, and tanned skin at 
three hours each 

7. Burned, infected, and tanned skin at 
five hours each 

8. Burned, infected, and tanned skin at 
twelve hours each 

5. No beta hemolytic streptococci 

6. 25 colonies of beta hemolytic strepto- 
cocci 

7. Abundant growth of beta hemolytic 
streptococci 

8. Very abundant growth of beta hemo- 
lytic streptococci 

Table IH 

CULTURES AT 2 HR. 

GROWTH IN 48 HR. (POUR PLATES) 

1. Burned skin at five hours each 

2. Burned and tanned skin at five hours 
each 

3. Burned, tanned, and infected skin at 
one hour each 

4. Burned, tanned, and infected skin at 
three hours each 

3. Burned, tanned, and infected skin at 
five hours each 

G. Burned, tanned, and infected skin at 
twelve hours each 

1. No growth 

2. No growth 

3. No growth 

4. No growth 

5. 10 colonies of beta hemolytic strepto- 
cocci 

6. 35 colonies of beta hemolytic strepto- 
cocci 


the device illustrated in Fig. 3. This was sufficient again to produce 
discoloration, vesiculation, and blistering of the skin. In this animal 
the areas were treated as follows 

(a) Burned and covered with a dry sterile dressing. 

(b) Burned and covered with a layer of tanabum and a dry sterile 
dressing (not infected). • 

(c) Burned, infected with beta hemolytic streptococci, and covered 
with a layer of tanaburn and a dry sterile dressing. Cultures of the 
burned skin similar to those made in the first experiment were made 
with results as shown in Table III. 

Broth cultures in this instance were also kept, incubated forty-eight 
hours longer, and then streaked onto blood agar plates. The results 
are shown in Table IV. 
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Fig. 1. — Expel (mental bums with Bunsen burner flame. A, Burned, infected, and 
tanned; B, burned; C, burned and infected; D, burned and tanned. 

Fig. 2. — Experimental bums With boiling water. A, Burned; B , burned and tanned; 
C, burned, infected, and tanned. 
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5. Tanaburn begins to form an eschar on burned skin between three 
and five hours. This is quite thick, pliable, and cannot be washed or 
wiped from the skin at twelve hours. 

6. Tanning the burned skin has no effect on the amount of subcu- 
taneous edema present at the end of five hours. 

COMMENT 

These experiments seem to indicate that 10 per cent tannic acid jelly 
applied to infected burns of the skin exerts a transient bacteriostatic 
effect for periods up to three hours. However, after this length of 
time, bacterial growth proceeds readily. Also, after three to five hours 
an eschar forms which becomes more and more difficult to remove. 

Burns covered immediately with a dry sterile dressing and burns 
which were tanned and then covered both remained sterile. Presum- 
ably the burn itself killed the organisms shown to be present on the 
normal skin control. It is during the period between the acquisition 
of the burn and the arrival of medical attention that the burn becomes 
infected — from surrounding skin, clothing, foreign bodies, and expo- 
sure to air contamination. In the laboratory this course of events was 
insured by actual inoculation of the burn with virulent organisms. 

The ideal clinical first-aid local treatment of burns would consist in 
immediate application and maintenance of an adequate sterile and pro- 
tective dressing until hospital care could be instituted. This is rarely 
possible, of course, outside of the experimental laboratory, and cer- 
tainly not in the great majority of military or civilian wartime casual- 
ties. To condemn uniformly the tanning of burns is being idealistic. 
During war, the problems raised by individual lesions become secondary 
in importance to the adequate handling of a great volume of injuries. 
Under the conditions imposed by mass burning in crowded areas, the 
treatment must not only be efficacious, but also feasible. 

Is there a place for tannic acid jelly in these circumstances? It is 
easy to apply. It has desirable analgesic properties. It is readily 
available. When satisfactorily employed, it forms a pliable, comfort- 
able eschar which obviates the necessity for repeated painful dressings. 
However, its general use by the laity in large numbers of civilian or 
military casualties cannot be recommended without specific limitations. 
Although definite transient bacteriostatic properties appear to be pres- 
ent, 10 per cent tannic acid jelly is not bactericidal when used on in- 
fected burns. It is possible, therefore, that it may give the patient 
comfort and aid him physiologically through the first forty-eight hours 
after the burn, only to leave him with the subsequent severe complica- 
tion of sepsis. 

Experimental evidence indicates that tannic acid jelly should be used 
as a first-aid measure only when it can be applied almost immediately 
after the burn is incurred and only to burns which are not 
contaminated. In active, well-equipped first-aid stations near the scene 
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Tabi.t; IV 


cui/rntns at 48 hi:, 

3. Burned, tnimed, and infected skin at 
one hour each 

4. Burned, tanned, and infected skin at 
flu eo hours each 

5. Burned, tanned, and infected skin at 
five hours each 

C. Burned, tanned, and infected skin at 
twelve iiouis each 


flUOWTJI 4S hi:, i. atkii (stiikak prate) 

3. Few colonies of beta hemolytic strep 
tococci 

4. Many colonies of beta hemolytic strep- 
tococci 

Abundant growth of beta hemolytic 
streptococci 

(i. Yeiv abundant growth of beta hemo- 
lytic stroptocowd 


5. Observations were also made on the rate of formation of the 
eschar on these burned areas of skin. At the end of one and three 
hours after application of a thick layer of tanaburn, the eschar could 
be simply wiped or washed off with ease; at the end of five hours it 
could be washed oft" with some difficulty; and at the end of twelve 
hours a definite eschar had formed which could not be wiped off but 
had to be peeled off in a layer. 

6. Microscopic sections stained with eosin and methylene blue were 
made of (1) burned, (2) burned and tanned, (3) burned and infected, 
and (4) burned, infected, and tanned skin all taken at five hours after 
burning and fixed immediately in Zenker’s solution. All of these sec- 
tions showed comparable amounts of subcutaneous edema. A T o distinc- 
tion could be made microscopically between the tanned and the un- 
tanned burned skin. In none of the sections were microorganisms 
visible. 


SUMMARY 

1. Tanaburn, a 10 per cent tannic acid jelly in a water-soluble base, 
in itself is sterile. 

2. A small amount of tanaburn exerted no bacteriostatic effect on 
pure cultures of beta hemolytic streptococci, Staphylococcus aureus, and 
Bacillus coli growing in blood agar media. 

3 Beta hemolytic streptococci will not grow in tanaburn alone. This 
does not mean that tannic acid jelly is bactericidal but that it does not 
provide a media sufficient to support the growth of the organisms. 

4 Beta hemolytic streptococci are readily recultured from burned 
,,Kl infected skin at the end of five hones. If this infected tan. ts 

j tanaburn, similar cultures taken at one, three, five, and 

TTe norms and incubated for two hours show no growth. However. 
•7 m cultures are allowed to incubate for forty-eight hours, then 
if these and 12 _ holll . cultures show increasing numbers of cola- 

the th ;: e 7; t hemolytic streptococci. Tanaburn, therefore, is not bac- 
mes of beta orga! n smS , since they eventually grow out m pro- 

tericidal toi tnes « teriostat ie effect is evidenced by the absence 
fusion, but a de ^ ^ tlu . ee ,] lour cultures from both the flame and 

hot water burns. 



THE EFFECTS’ OF THE APPLICATION OF A TOURNIQUET 
ON THE GENERAL RESPONSE TO GROSS TRAUMA. 

TO AN EXTREMITY 

George AY. Duncan,' M.D., and Alfred Blalock, M.D. 
Baltimore, Md. 

(From the Department of Surgery of the Johns It o pi' ins School of Medicine and 

Hospital) 

I N EXPERIMENTS 1 ’ 2 recently performed in which a mechanical press 
was applied to an extremity for an extended period (fifteen hours), 
it was found that the animals succumbed even though plasma equal in 
quantity to that which was lost locally was administered intravenously. 
This was not the finding in a number of the experiments in which the 
press was applied for a shorter time (five hours). Since the pressure 
which was exerted on the tissues was the same in the two groups of ex- 
periments, the results indicated that the prolonged period of local 
ischemia and anemia was responsible for the difference in the severity 
of the general effects. In view of these observations in experiments on 
crush injuries, it was decided to study the effects of applying a tourni- 
quet to an extremity after trauma to the soft parts had been produced. 
These experiments were compared with others in which a similar injury 
was caused, but no tourniquet was applied. In all the experiments, early 
death was prevented by the intravenous administration of blood plasma. 

METHODS AND RESULTS 

Large animals were used in all the experiments. Pain was prevented 
by the administration of nembutal and morphine. Trauma was pro- 
duced by striking the soft parts of one of the posterior extremities 
many blows with a hammer. The number of blows varied somewhat 
according to the ease with which the muscular tissue became damaged. 
The usual time required for the carrying out of the trauma was about 
four minutes. The femur was not fractured and an attempt was made 
not to cause a break in the skin. 

Ten animals served as controls, no tourniquet being used. In the re- 
maining ten animals a rubber tourniquet was applied tightly around the 
upper part of the thigh, proximal to the' upper level of the trauma, as 
soon as the infliction of trauma was terminated. - An attempt was made 
to exclude the arterial inflow as well as the venous return of the ex- 
tremity. The period that the tourniquet was left in place was five hours. 

In the control experiments blood plasma was administered intra- 
venously two hours after the traumatization of the extremity. The rate 

•William Stewart Hoisted Fellow in Surgery. 
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of a disaster this may occasionally be possible. Old and contaminated 
wounds should simply be covered with a sterile or the cleanest possible 
dressing and pain alleviated with large doses of sedatives until careful 
cleansing is possible. If the tannic acid jelly has already been applied 
to contaminated burns or to burns more than two hours old, then every 
effort should be made to remove it within three to five hours of the 
time of application, and local treatment suitable for any infected 
wound of this type should be carried out, supplemented, of course, by 
sulfonamide and supportive therapy. 
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Table I 


Showing the Exflcts of Trauma to an Extremity and of Fiasma Theruw 

(No Tourniquet) 


EXPEP.r- 

ARTERIAL 

PRESSURE 
(MM. HG) 

HEMATOCRIT 
| READING 

PULSE RATE j 
PER MIX. i 

THERAPT 
PL YSMA 


AO. 

CON- 

TROL 

1 6 s hr. ; 

AFTER 

PLASMA 

BEGUN 

1 

con- 

trol 

() S HR. 
AFTER 
PLASMA 
BEGUN 

CON- 

TROL 

6 S HE. 
AFTER 
PIASMA 
BEGUN 

PER CENT 
BODY 
AVEIGHT 

RESULT 

1 

120 

105 

46.3 

32.7 

124 

184 

5 

Died on 
twelfth da\ 

2 

115 

125 

55.4 

32.0 

140 

194 

5 

Recovered 

i 

115 

105 

53 .S 

45.0 

116 

180 

5 

Recovered 

-t 

110 

115 

56.0 

34,0 

136 

160 

5 

Recovered 

5 

115 

120 

52.0 

39.5 

96 

220 

5 

Recoi ered 

6 

120 

100 

56,6 

39.0 

112 

194 

5 

Recovered 

7 

120 

120 

53.6 

24.0 

140 

196 

5 

Recovered 

s 

115 

115 

41.7 

29.5 

116 

192 

0 

Died after 90 
hours 

9 

115 

95 

55.0 

38.3 

92 

200t 

5 

Recovered 

10 

110 

120 

50.2 

39.0 

104 

180 

5 

Recovered 


instead of the usual 5 per cent. The survival period did not appear to 
be lengthened by tlie administration of the larger quantity of plasma. 
The average amount of plasma injeeted in the ten experiments equalled 
7-3 per cent of the body weight of the recipient and the average regional 
loss of fluid equalled 7.8 per cent of the body weight. This shows very 
clearly that the regional loss of fluid in experiments of this type in 
which a tourniquet and replacement therapy were used was not re- 
sponsible for the uniformly fatal results. Some of the results are given 
in Table II. 

Whereas no significant decline in the arterial pressure occurred in the 
control experiments, a marked decline was found following the removal 
of the tourniquet in the experiments in which the constriction was used. 
This occurred despite the fact that the plasma was introduced at a rather 
rapid rate in some of the experiments. There was an accelex-ation of the 
pulse rate and a decline in the hematocrit reading. In contrast to the 
observations in the control experiments, the plasma creatine and the non- 
protein nitrogen became elevated. The urine became darker in color 
and a moderate number of erythrocytes and granular casts were seen on 
microscopic examination. 


discussion 


An attempt was made to cause the same amount of injury to tissues 
m all of the experiments. The fact that death occurred in all the ex- 
periments in which a tourniquet was applied to the injured extremitv 
whereas eight of the ten control animals survived, appears to he of si" 
nifioanee. The survival period of the two eonti-ol animals which died was 
onger than that of any of the animals in the other group. The results 
S low %er> Clearly that the prolonged application of a tourniquet to an 

injured extiennty results in harmful effects 
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of injection was equivalent to 1 per cent of the body weight of the re- 
cipient per hour. In the experiments in which a tourniquet was used, 
the injection of plasma was begun simultaneously with the removal of 
the tourniquet. The arterial blood pressure was essentially normal at 
the time. 

The quantity of plasma that was given in most experiments equalled 
5 per cent of the total body weight of the recipient. This figure was 
chosen because it was found in earlier experiments by one of us 3 and by 
Parsons and Phcmistcr 4 that this type and degree of trauma result in 
the regional loss of fluid (mainly whole blood) equal to approximately 
5 per cent of the body weight, which is about one-half of the total blood 
volume. In some of the experiments in which a tourniquet was applied, 
the amount of fluid which was given was greater. 

The various studies which were performed included the arterial blood 
pressure, the hematocrit reading, the pulse rate, the plasma creatine and 
creatinine, the urinary creatine and creatinine, the nonprotein nitrogen, 
and gross and microscopic examinations of the urine. The methods 
which were employed have been enumerated previously. 1 

The animals were observed until death or recovery took place. If 
death occurred, the local loss of fluid into and near the injured area was 
determined by the bisection method 3 that has been described previously. 

As has been stated, ten control experiments were performed. The 
extremity was traumatized but no tourniquet was applied. Eight of the 
ten animals recovered, one animal dying at the end of ninety hours and 
the other on the twelfth day. Previous experience 3 with this method 
of producing injury would indicate that most of the animals would 
have died had plasma not been injected. Examination of the animal 
which died at ninety hours showed bilateral pneumonia and an abscess 
of the thigh. The animal which died on the twelfth day also had an 
abscess of the thigh. Some of the results of these experiments are given 
in Table I. 

Alterations which were observed in the first ten hours following the 
traumatization of the control animals included an elevation in the pulse 
rate and a decrease in the hematocrit reading. The latter alteration 
was probably due, mainly, to the injected plasma. There was very little 
alteration in the arterial blood pressure, the plasma creatine, and the 
nonprotein nitrogen. In some instances the traumatization was followed 
bv a slightly reddish discoloration of the urine and by the presence of a 
few erythrocytes and granular casts in the urine. 

The 'findings in the ten experiments in which a tourniquet was used 
rff ' p I from the controls in a number of respects. All the animals 
cU , pi om-i-Wal neriod following the removal of the tourniquet vary- 
die<1 ’ 16 f , t0 thirty-six hours, the average being approximately 
mg from the ten animals were given plasma in an amounf 

fourteen hours. more of the body weight of the recipient 

which equalled 3 P el ce11 
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Table I 


Showing the Effects of Trauma to an Extremity and of Plasma Therapy 

(No Tourniquet) 


experi- 

ARTERIAL j 

PRESSURE 
(MM. HC) 

. hematocp.it 1 
1 READING 

rULSE RATE 
PER MIX. 

THERAPT 

PLASMA 


MEXT 

XO. 

cox- 1 
TROL j 

1 6-S HR. 

AFTER 

PLASMA 

BEGUN 

cox- 

TROL 

I 0-8 HR. j 
AFTER 
PLASMA 
BEGUX 

COX' 

TROL 

1 0-8 HR. j 
AFTER ! 
PLASMA : 
BEGUX 

PER CENT 
BODY 
WEIGHT 

RESULT 

i 

120 

105 

46.3 

32.7 

124 

1S4 

5 

Died or 

twelfth dav 

2 

115 

125 

55.4 

32.0 

140 

194 

0 

Recovered 

3 

115 

105 

53.S 

45.0 

116 

180 

5 

Recovered 

4 

110 

115 

56.0 

34.0 

136 

160 

5 

Becovered 

5 

115 

120 

52.0 

39.5 

96 

220 

5 

Becovered 

6 

120 

100 

56.6 

39.0 

112 

194 

5 

Becovered 

7 

120 

120 

53.6 

24.0 

140 

196 

5 

Becovered 

s 

115 

115 

41.7 

29.5 

116 

192 

5 

Died after 90 
hours 

8 

115 

95 

55.0 

3S.3 

92 

200+ 

5 

Becovered 

10 

110 

120 

50.2 

39.0 

104 

180 

5 

Becovered 


instead of the usual 5 per cent. The survival period did not appear to 
be lengthened by the administration of the larger quantity of plasma. 
The average amount of plasma injected in the ten experiments equalled 
7.3 per cent of the body weight of the recipient and the average regional 
loss of fluid equalled 7.8 per cent of the body weight. This shows very 
clearly that the regional loss of fluid in experiments of this type in 
which a tourniquet and replacement therapy were used was not re- 
sponsible for the uniformly fatal results. Some of the results are given 
in Table II. 

Whereas no significant decline in the arterial pressure occurred in the 
control experiments, a marked decline was found following the removal 
of the tourniquet in the experiments in which the constriction was used. 
This occurred despite the fact that the plasma was introduced at a rather 
vapid rate in some of the experiments. There was an acceleration of the 
pulse rate and a decline in the hematocrit reading. In contrast to the 
observations in the control experiments, the plasma creatine and the non- 
protein nitrogen became elevated. The urine became darker in color 
and a moderate number of erythrocytes and granular easts were seen on 
microscopic examination. 


DISCUSSION 

An attempt was made to cause the same amount of injury to tissues 
in all of the experiments. The fact that death occurred in all the ex- 
periments in which a tourniquet was applied to the injured ext remit v 
whereas eight of the ten control animals survived, appears to be of sig- 
nificance, The survival period of the two control animals which died was 
longer than that of any of the animals in the other group. The results 
show very clearly that the prolonged application of a tourniquet to an 
injured extremity results in harmful effects. ' 












404 


SURGERY 


f- ^ 

£ M a l* “ y 

S»tocS 

M O 

&. *-» tt CS r e 

^ ? •**. 


—< cr. Cl -f 10 co cc r- •£ 
rt t 5 co »-« 1-1 to *5 c, so 
co f-^ ci lo cs >.o -* co* ci 


ft 

s p 

* 3 B — 

; 0*>0 

. £ O g ro to co so « 

• jjj iJ S 3 r-* O] H 

1 § g^ 

O c - 


£ C S £H 
b i* S 3 

2 w o a c ci © cc © © © © © © 
w < u S 5 cicodcKj i.o i o i.o »o 
h j cJ ra r hh 

5 g ^ 


UO Jo ‘O LO LO JO JO 1.0 >0 > 


ci BS £ p w 

+ 4 - + ±\ 

f 1 r p 2 oooooo-fo^o 

© % £ C* ^ ©OCO-tfOOOOOO© 

' < g B MOlH^IMOJnC'lHtM 

* *■* ci I 


^tOOC‘OWcO-fCCO 
^ O *t O C4 &l CO 


£ b ^ ^ > cocco*fc':^ocoo 

£ § P 2 ci o n c o o' r-J >* 

< © * £ C* £ CC lO N CO <M M *t 

O ^ H £ 


M CO (M O W K C 
N UO H CO CO CO *C CC CO 
1.0 UO r}< CO O CC CC JO CO 


£ § £ £> OOOOOOIOOOIO 
-^^K^OLOttCO CC IO l- t' t- -t 

2 $ g&s 

E-< e± 


Jr-* Cl re *f n c t- cc c c 



DUNCAN AND BLALOCK: EFFECTS OF TOURNIQUET ON TRAUMA 405 

The findings recorded here receive support from previous experimental 
and clinical observations. A number of observers have produced shock 
by interfering with the circulation to a large portion of the body for 
a considerable time. Wilson and Roome 3 found that the removal of a 
tourniquet is followed by the passage of a large amount of the blood 
volume into the dilated blood vessels of the extremity. As a result of 
clinical observations and reports in World War I, Cannon 6 stressed the 
dangers of the removal of a tourniquet which had been in place for 
hours. 

It is obvious because of the present and of the previous studies that a 
tourniquet should be used for the control of bleeding only if other means 
are not available or will not suffice. If the extremity is badly damaged 
and if a tourniquet has been in place for several hours when the pa- 
tient reaches a point where definitive treatment may be employed, ampu- 
tation is usually advisable. Our previous experiments on crush injuries, 
as well as the observations of Allen 7 and of Brooks and Duncan , 8 indicate 
that the harmful effects of a tourniquet will be lessened if the tempera- 
ture of the part distal to the constriction is lowered by the application 
of ice. Unfortunately, under emergency conditions, means for lowering 
the temperature are not usually available. 

SUMMARY 

Experimental findings are presented which show that the prolonged 
application of a tourniquet to an injured extremity greatly lessens the 
chances of survival of the animal. 
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GRADUAL OCCLUSION OF THE MESENTERIC VESSELS 
Experimental Study 
Harold Laufman, M.D .,* 1 Chicago, III. 

(From the Division of Surgery, Northwestern University Medical School) 

VVyilEN a thrombus forms very slowly, collateral circulation has an 

VV opportunity to cany the blood supply. Warren and Eberhard 13 
have pointed out that a very gradual occlusion of the main mesenteric 
vessel may, in some instances, result in infarction of the intestine; in 
other instances there may be temporary symptoms of pain and intestinal 
hemorrhage ; it may even result in no symptoms at all if it forms slowly 
enough. Narrowing of the mesenteric vessels is not uncommon as a 
feature of generalized arteriosclerosis. 

There have been occasional cases reported in which the main artery 
was slowly occluded, causing no untoward symptoms during life and no 
involvement of the intestine at autopsy. Best known of such cases are 
those of McCallum , 1 Trotter , 2 and Howse . 3 

Councilman , 4 Reich , 5 Davis , 0 Garcia , 7 and Moore 8 reported cases in 
which the collateral circulation after mesenteric occlusion was sufficient 
to prevent pathologic changes in the bowel wall, but not sufficient to 
allow normal function to continue. Intestinal ileus results in such 
cases. In Moore’s case the patient suffered from intestinal obstruction 
due to a localized area of paralytic ileus caused by occlusion of mesen- 
teric vessels. The blood supply was sufficient to keep the bowel alive, 
but could not sustain normal function. Following a lateral anastomosis 
the patient made a complete recovery. 

Marcher 0 reported a case in which surgical treatment, was not under- 
taken despite typical symptoms of mesenteric vascular occlusion, because 
of the poor condition of the patient. In other instances, lack of diagnosis 
or just watchful waiting with general support of therapy have resulted 
in a spontaneous recovery. Marcher's patient died from another cause 
seven weeks after the occlusion had taken place. An autopsy revealed 
an embolus completely occluding the superior mesenteric artery. The 
bowel was not infarcted. 

Experimental reproduction of a long-term gradual occlusion of the 
main mesenteric vessels has not, to my knowledge, been previously 
reported It is, therefore, of some interest to report the experimental 
results of such occlusions. 

-p f , e i0 has recently advocated the use of cellophane for the experi- 
mental gradual occlusion of large arteries. Mims Gage” has reported 
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he experimental production of hypertension by encasing the kidney of a 
log in cellophane and allowing it to become constricted over a long 
period of time. 

We have been able to completely occlude the superior mesenteric 
artery by gradual constriction over a period of four months by the use 
of cellophane in three of six animals in which this procedure was carried 
out. A similar procedure, constricting the superior mesenteric vein, 
was successfully accomplished in two of five attempts. 

EXPERIMENTAL DATA 

Ordinary DuPont cellophane No. 300 P.T. was used. It was soaked 
in phenol for ten minutes and then alcohol for about one hour before 
operation. A 14 -inch wide strip consisting of four folded layers was 
loosely wrapped about the vessel. The ends were sutured with a silk 
mattress stitch so that the cellophane hugged the vessel snugly, but did 
not constrict. The animals were allowed to continue normal existence 
for four to five months, at which tune they were opened for examination. 
It was noted that the animals in which the superior mesenteric artery 
was so treated became progressively thinner and lost their appetites. 
Those animals in which the superior mesenteric vein was wrapped with 
cellophane at no time showed any ill effects. 

Observations . — In three of the six animals in which the superior 
mesenteric artery was wrapped with cellophane, it was found that the 
artery had become completely occluded over the course of sixteen to 

Table I 


Gradual Occlusion or Main- Mesenteric Vessels by Cellophane 



BATE 

CELLOPHANE 

APPLIED 

DOG 

NO. 

BATE OP 
LAPAROTOMY 
OR SACRIFICE 

OF animal 

FINDINGS 


11/14/40 

1C 

3/18/41 

Occlusion not complete 


12/18/40 i 

‘ j 

4C ! 

4/21/41 

Occlusion complete; low grade enteritis; 
thrombosis of small vessels 


1/ S/41 j 

5C i 


Occlusion not complete 

Arterial] 

1/15/41 

70 


Occlusion not complete 


1/15/41 

SC 

6/10/41 

Occlusion complete; enteritis; erosion of 
mucosa 


11/22/41 

9C 


Occlusion complete 


11/27/40 

2C 

3/18/41 

Occlusion not complete 

Venous 


3C 

4/21/41 

Occlusion not complete 

1/ 8/41 

6C 

5/20/41 

Occlusion not complete 


11/11/41 

10C 

3/23/42 

Occlusion complete 

— 

11/11/41 

11C 

3/23/42 

Occlusion complete 


eighteen weeks. In the remaining three animals complete occlusion had 
not yet taken place. The cellophane had produced a severe degree of 
tissue irritation, causing extensive changes around the vessel. These 
changes consisted of a fibroplastic response with purulent or "elatinous 
fluid encased about the cellophane. The intestinal wall appeared verv 
pale and thin in these animals. .Microscopic examination of the intestinal 
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wall revealed a low-grade enteritis of varying degree in the various 
specimens, with erosion of the villi and leucocytic infiltration of the 
remaining mucosa and submucosa. There was no infarction present. 
However, the small subserosal vessels contained thrombi (Fig. 1). The 
similarity of the results in the three animals indicated that* the 'lesion 
in the intestine was directly the result of the gradual occlusion of the 
superior mesenteric artery. No changes were noted in the intestinal 
walls of the dogs in which the occlusion was incomplete. Blood pressure 
readings were not taken. 



Fig. 1. — Microscopic appearance of small intestine after gradualls induced, com- 
plete occlusion of the superior mesenteric artery in the doer by cellophane after ap- 
proximately foul months Note erosion of mucosa, infiltration by polj morplionuelear 
leucoc) tes (Ion -grade enteiitis), and thrombosis of small subserosal and Intramural 
\ oss els Grossly the intestine appeared markedly anemic with thinned out malls. 


It is known that blockage of the lymph channels of the mcscntciy 
can produce an ulcerative lesion in the intestine, the microscopic appeal - 
a nee of which is not dissimilar from that described above (Poppe 12 ). 
It is thus possible that the irritative response produced by cellophane 
may have blocked the lymph channels as well as the arterial supply. 
Thus, the lesion produced may be the result of either or both, chronic 
hypoxia and chronic infection with lymphatic blockage. 

Gradual occlusion of the superior mesenteric vein resulted in no lesion 
of the intestine in either of the two animals successfully ligated. How- 
ever it was interesting to tiace the collateral venous drainage of the 
intestine, especially since there was no embarrassment of the intestinal 
circulation. Preparations were made, therefore, for roentgen-ray study 
1 • iniectiii" a dilute solution of barium sulfate info one of the small 
enteric "veins. The accompanying roentgenogram illustrates the 
m6S -V ble collateral circulation established ns a lesult of the gradual 
remaiwa - ns were found between the fibroplastic mass around 

occlusion. loops 0 f intestine, the omentum, and portion of 

the cellopm co p ate ral blood channels established in these adhesions 
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are well shown in the photographs An interesting source for collateral 
circulation was noted in small vessels which apparently ti'aversed the 
posterior parietal peritoneum and found their way into the kidney 
(Fig. 2). 

The abundance of the collateral supply explains the paucity of symp- 
toms and the absence of circulatory changes associated with the long- 



Fi e 2 — Result ot gradually induced, complete occlusion of the superior mesentenc 
’■ ein in the dog- bj cellophane after approximate)' four months Illustration chnws 
roentgenogiarn of specimen injected "ith dilute barium sulfate solution The xVnoVic 
tiee of the U\er (abo'e) recehed blood from colloteial channels which foimed ohmif 
the occlusion Collateral channels are also shown in the posterior parietal wnimmm 
and capsule of the Xidnej Not shown aie furthci collateral channels 'found vn 
numeious omental adhesions about the occlusion Iouna m 


tcim type of giadu.il occlusion of the supenor mesenteric icin Tuentv 
eases lllustiating this type of total occlusion m man as an incidental 
neeiopss finding associated with no intestinal changes were reported 
by Laufman and Scheinbeig ” 

Felsen 14 has piesented clinical and autopsy material illustrating the 
effects of long-teim anoxia due to intestinal laseular seleiosis " He 
describes a pioliferalhe phase and an obliterative phase in flm 


410 


SURGERY 


mural vessels resulting from gradual occlusion of the mesenteric vessels. 
In the proliferative phase the intramural vessels are thickened and 
tortuous, while in the subsequent obliterative phase these capillaries 
arc straightened and rigid, with obliterated terminal arborizations. The 
experimental observations presented above apparently are commensurate 
with the obliterative phase with superimposed low-grade inflammation. 


SUMMARY 

Gradual occlusion of the superior mesenteric vessels over a period of 
four to five months was accomplished in dogs by the use of cellophane 
bands. Complete occlusion of the superior mesenteric artery was ac- 
complished in two of five attempts. In the remaining animals the vessels 
were constricted but not completely occluded. 

The result, of gradual complete occlusion of the superior mesenteric 
artery was an anemia of the intestinal wall with a superimposed low- 
grade enteritis. Thrombi were present in the intramural vessels. 

Gradual complete occlusion of the superior mesenteric vein resulted 
in no demonstrable lesion in the intestine. Extensive collateral circula- 
tion was established in these animals, including the vascularization of 
omental adhesions and of the posterior parietal peritoneum. 
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INJECTION OF VARICOSE VEINS 


The Importance and Technique of Injecting the 
Elevated Extremity 

Carroll J. Belijs,*' M.D., and Otto L. Oiurney,! M.D. 

(From the Surgical Service of the 0 ’lieiUy General Hospital, U. S. Army , 
Springfield, Ho.) 

INTRODUCTION 

W 7 ITH the perfection of sclerosing therapy for varicose veins of 
the lower extremities, surgeons in general have come to avail 
themselves of this method of varicose vein therapy. McPheeters’ 1 
writings on the ambulatory injection treatment of varicose veins served 
to stimulate considerable interest in this mode of management in this 
country. Since, probably, about 10 per cent of young healthy adults 
suffer from varicose veins, and since most of these people are engaged 
in activities which necessitate a minimum of medical care during the 
treatment, any method which would reduce the number of required 
injections would be an approach to the ideal injection technique. 
Everyone who has acquainted himself with the injection technique has 
come to realize that the necessity of giving as many as twenty injec- 
tions in those cases in which there are numerous varicose radicals of 
the main varicose trunk is not an inviting feature to patients. If a 
method could be found by which the number of injections could be 
reduced to one or two, a big disadvantage would be overcome. The 
purpose of this communication is to describe such a method. 

Generally, the principle embodied in the obliterative treatment is to 
maintain the sclerosant in contact with the intima of the vein long 
enough to produce an intimal inflammation eventuating in thrombus 
formation and, finally, fibrosis. In the usual method, the varix is in- 
jected with the patient in the horizontal or sitting position, several 
injections being made at different sites at one visit, or single injections 
being given at successively lower levels at successive visits. Fig. 1 A 
diagrammatieally illustrates such an injection. The sclerosant, injected 
into an engorged vein, does not diffuse, coagulation of the immediately 
surrounding blood further impeding the spread of the solution. This 
results in a localized thrombus which can be felt later as a hard 
fibrotie lump. Attempts to inject a segment after “stripping” it of its 

•Captain. Medical Corps, v. s. Army. 
tColonel. Medical Corps, r. S. Army. 
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blood are often discouraging, since incompetent communicating veins 
allow the inflow of blood. 

1 he method described in this communication lias been employed 
successfully in a large series ol‘ cases on the Surgical Service of the 
O’Reilly General Hospital, U. S. Army, Spring-field, Mo., and in the 
Surgical Outpatient Clinic of the University of Minnesota Hospital, 
Minneapolis. 'With this simple technique, almost all patients hare re- 
quired a single injection, while a few have been given two injections. 
The effectiveness of this method lies in the principle that a relatively 
small amount of sclerosant— a few cubic centimeters — when injected 
into bloodless veins, reduced to capillary spaces, can produce intimal 
inflammation in all the varices of an extensively varieosed venous cir- 
culation. The sclerosant is undiluted by blood, and, theoretically, 1 
c.e. should he sufficient to sclerose many yards of such collapsed veins. 




Wic l The effect of position of the extremity on diffusion of sclerosing- solution 

inflected into a varix. A. Extremity dependent, showing localization of sclerosant in 
varix dilated with blood. The final thrombus develops at the site of injection onlj. 
B Extremity elevated, showing sclerosant flowing through capillary lumen of eol- 
lapsed varix.* The final thrombus develops in the entire vein. 


INDICATIONS 


Before proceeding with varicose vein therapy, certain contraindica- 
tions must be observed,- among which are the following: 


A. Systemic diseases 
Malignancy 
Angina pectoris 
Cerebral thrombosis 
Myocardial disease 

Hyperthyroidism 

Active tuberculosis 
Acute infectious diseases 
and tonsillitis) 


(including acute upper respiratory infections 
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B. Local conditious 

Lack of patency in the deep venous system 
Impairment of arterial circulation 

- Inflammation or infection of the deep or superficial venous system 

Schwartz's test' (palpation of a varix below the knee while percussing 
the saphenous veiniii the upper part of the thigh) is positive if an im- 
pulse can lie palpated below. This indicates incompetence of the valves 
between the site of palpation and the site of percussion and is always 
positive in varices of the great saphenous system. The incompetence of 
the saphenous valves may be verified by the Trendelenburg test. This 
is performed simply by elevating the affected extremity for a few min- 
utes and then compressing the sapkenofemoral junction, while the pa- 
tient is allowed to stand. If the veins of the leg fill rapidly" (within 
thirty seconds), incompetence of the valves in the communicating 
veins may be assumed. If a slow filling occurs (over thirty seconds), 
the communicating system is relatively uninvolved. It may be recalled 
that there are from one to three communicating veins in the thigh and 
from fifteen to thirty in the leg. Should additional dilatation of the 
saphenous system take place when the digital compression of the 
saplienofemoral junction is removed, one may assume that back pres- 
sure in the venous column from the heart to the varix contributes to 
the vicious cycle. 

If the Schwartz and Trendelenburg tests are positive, high interrup- 
tion of the saphenous vein at the sapkenofemoral junction is indicated, 
providing the deep system is patent. A simple test for patency of the 
deep venous system is the tolerance, for a few hours, of an elastic 
bandage wrapped snugly from the ankle to the lower thigh. Perthes’ 
test may also be performed for this purpose. In this test, a tourniquet 
to compress the superficial veins is placed above the varices and the 
patient allowed to walk or vigorously exercise the knee. If the varices 
become more prominent, the deep veins are probably obstructed (nega- 
tive Perthes’ test): if the varices collapse. or become less prominent, 
the deep veins are patent (positive Perthes’ test). Mahorner and 
Ochsuer 3 have described a refined segmental Perthes’ test. 

If high saphenous interruption is found to be indicated, it should be 
performed before sclerosing therapy is instituted, since back pressure 
from above will nullify the results expected from even perfect injec- 
tion technique. The widely accepted operative procedure described 
by de Takats 1 carries a 0.3 per cent risk of pulmonary embolism 
(Faxon and Barrow 5 ), but ligation alone will cure about 20 per cent of 
the patients, the remaining 80 per cent requiring sclerosing injections. 

( METHOD 

With the patient sitting on the table and the lower extremities on a 
nearby stool or simply flexed over the side, one of the most distal 
varicose veins, one usually around the ankle, is selected. A No 25 
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blood are often discouraging, since incompetent communicating veins 
allow the inflow of blood. 

lhe method described in this communication has been employed 
successfully in a large series of cases on the Surgical Service of the 
O’Reilly General Hospital, U. S. Army, Springfield, Mo., and in the 
Surgical Outpatient Clinic of the University of Minnesota Hospital, 
Minneapolis. With this simple technique, almost all patients have re- 
quired a single injection, while a few have been given two injections. 
The effectiveness of this method lies in the principle that a relatively 
small amount of sclerosant— a few cubic centimeters — when injected 
into bloodless veins, reduced to capillary spaces, can produce intimal 
inflammation in all the varices of an extensively varicosed venous cir- 
culation. The sclerosant is undiluted by blood, and, theoretically, 1 
c.c. should be sufficient to sclerose many yards of such collapsed veins. 



INDICATIONS 

Before proceeding with varicose vein therapy, certain contraindica- 
tions must be observed , 2 among which are the following: 
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Malignancy 
Angina pectoris 
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Myocardial disease 

Hyperthyroidism 

tcutv 6 infectious diseases (including acute upper respiratory infectious 
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SUMMARY 

A successful method of sclerosing varicose veins by the injection 
method is described. With this technique the sclerosant is injected into 
relatively bloodless veins. Usually, it has been possible to produce 
thrombosis of the entire varicose system by a single injection of sclerosant. 
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gauge needle to which is attached a syringe containing 3 to 5 c.c. of a 
sclerosing solution is inserted into the vein at the most convenient 
distal point. With the syringe held firmly in place, but without inject- 
ing any of the sclerosant, the patient’s lower extremities are brought 
carefully onto the table; the patient lies horizontally, and the affected 
extremity is elevated by an assistant to at least 45° with the horizontal 
(Fig. IB). As much as possible of the blood contained in the veins is 
permitted to drain into the deep system, and when the extremity appears 
pale, the sclerosant is injected into the ankle vein and the needle re- 
moved. I\o bleeding occurs from the needle puncture since the point of 
injection is elevated above the level of venous pressure. A small dry 
dressing is placed over the puncture site and an elastic bandage wrapped 
from the ankle to the middle of the thigh. The extremity is then placed 
on several pillows. and the patient allowed to remain in that position 
for twenty minutes, following which the patient is allowed to be am- 
bulatory. The importance of walking about after this postinjection 
period has been stressed bj r Dean and Dulin® as a prophjdactic against 
embolism. 

Any of the popular sclerosants may be employed. Monoethanol- 
amine oleate (monolate) is an effective agent and causes no slough if 
perivenous injection takes place (Glosser, 7 Meyer 8 ). We have used 
5 per cent sodium psylliate (sylnasol), which Biegeleisen 0 showed has a 
remarkably low toxicity, with equal success. Quinine hydrochloride and 
urethane has also been found to be an excellent sclerosant. 


COMMENT 


Injection of the sclerosant into the collapsed varix permits a rela- 
tively undiluted solution to remain in contact with the intima during 
the period of elevation of the extremity. The surplus solution flows 
into the deep venous system where it is diluted and rendered ineffec- 
tive as a sclerosant. The period of twenty minutes in which the ex- 
tremity remains elevated and the veins collapsed is sufficient to initiate 
an intimal reaction which proceeds to thrombosis and, finally, fibrosis. 
In nearly all of our patients, a single injection has been sufficient ; a 
few patients have required two injections, the second being into a 
functionally independent varicose system; no patient has required 
more than two injections for complete thrombosis. If recurrence after 
sclerosing therapy is due to incomplete injection, the technique sug- 
gested inthis paper should minimize this possibility. 

° with the method suggested here there is an appreciably greater 
• ii nt+k oroduced parallel to the greater venous length which is 
periph eb tis P osocL ^ pain can he adequately controlled with 

rtX'al nrfsi” *>' ■> P 1 "' 1 "’ or sman 
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studies made at that time revealed nothing more serious than granular pharyngitis 
and a healing duodenal ulcer. The pain in the ear was considered to be on the basis 
of glossopharyngeal neuralgia. The patient was dismissed with instructions to follow 
a regime for ambulatory patients with ulcer. 

The patient was next seen at the clinic on June IS, 1941. The pain in the right 
ear and the soreness in the right side of the throat had persisted, with increased 
severity, the pain sometimes awakening the patient at night. Eecently there had 
developed a “paralyzed feeling” in his throat, with some difficulty in swallowing and 
articulating. He also stated that food particles seemed to lodge at the base of his 
tongue, on the right side. 

Examination disclosed an indurated, submucous nodule on the right side of the 
tongue, near the base. This nodule was fixed superficially and deeply, and was 
considered to be malignant. .One of the upper deep cervical lymph nodes was enlarged 
and somewhat firm, suggesting the probability of metastatic involvement. The re- 
sults of general physical examination were otherwise negative except for a question- 
able enlargement of the liver. Roentgenograms demonstrated a persistence of a 
duodenal deformity characteristic of ulcer. 

At operation on June 25, 1941, the tumor of the tongue was found to be too ex- 
tensive for surgical removal. Biopsy was therefore done and fourteen radon seeds 
were inserted. Seven radon seeds also were inserted into the substance of the 
enlarged right cervical lymph node which had been ascertained, at the time of opera- 
tion, to be malignant. 

The patient made two subsequent visits to the clinic. On the first of these, August 
18, 1941, reduction was noted in the size of the primary lesion of the tongue and of 
the metastatic nodule in the cervical region. On his last admission, Oct. 11, 1941, 
the patient complained of pain and tenderness in the right side of the upper part of 
the abdomen. This pain had some features suggestive of cholecystitis with stones 
and, on one occasion, had necessitated the use of opiates for relief. It was described 
as a persistent dull ache with frequent exacerbations of increased severity. Loss of 
strength and appetite were noted, but not jaundice or fever. Chilly sensations had 
accompanied one of the attacks of pain. 

Examination of the head and neck revealed marked reduction in the size of the 
primary neoplasm, as well as in that of the metastatic nodule. Opinions regarding 
the condition of the abdomen were best summarized in the consultant’s note: 
“Tender, nodular, enlarged liver with constant pain past six weeks. Severe attack 
seven days ago requiring opiates for relief. Considerable loss of strength and weight. 
Impresses me as metastatic carcinoma of the liver (source ?). Believe exploration 
warranted because of youth and good general condition of patient. ’ ’ 

On Oct. 14, 1941. surgical exploration of the abdomen was carried out through a 
small right rectus incision. The liver was found “to be full of metastatic (tumor) 
nodules. ’ ’ A small specimen for biopsy was taken from one of these nodules to 
determine the primary source of the malignancy. Because of the utter hopelessness 
of the patient’s condition no further roentgen therapy was advised. He was dis- 
missed from our care on Oct. 22, 1941. 


Patliolopxc Aspects . — Material for study consisted of two small nodules removed 
at biopsy from the tongue and liver, respectively. These nodules were grayish brown 
and of rather firm consistency. There was nothing on gross examination, however to 
suggest the exact nature of the pathologic process involved. Study of microscopic 
sections prepared from both lesions presented pictures so similar as to enable one to 
write a single pathologic description. Under the low-power objective one was struek 
by the ccllularity and manifestly malignant properties of the lesion. In neither in- 
stance could the invaded tissue (lingual muscles and hepatic parenclivma) be identi- 
fied. Tn both lesions a characteristic arrangement of tumor cells was seen with a 
grouping in the form of plugs or cylinders, many of which contained hollow center's 



"CYLINDROMA” (ADENOCARCINOMA, CYLINDROMA TYPE) 
Report of Two Cases With Metastasis 

Malcolm B. Dockert y, M.D., and Charles W. Mayo, M.D. 

Rochester, Minn. 

(From the Division of Surgical Pathology, and the Division of Surgery, Mayo Clinic) 

TN A recent review of primary tumors of the submaxillary gland 2 we 
called attention to the frequent incidence, in this location, of a type 
of neoplasm termed "cylindroma.” It was found that throughout the 
literature in general, and in many of , the older cases of our own series in 
particular, this neoplasm was confused frequently with “mixed tumor.” 
It was observed, in our series, that these cylindromas (adenocarcinomas 
of cylindroma type) were associated with an extremely high incidence of 
recurrence, even after radical operative procedures. Infiltrative tend- 
encies were most pronounced with special reference to perineural lym- 
phatic involvement. Metastasis was not infrequent and the prognosis, 
in general, proved unfavorable not only in those instances in which the 
neoplasm was a pure cylindroma but also in our small group of examples 
showing transition to the mixed tumor type. 

During preparation of the aforementioned review two additional ex- 
amples of "cylindromas” came under our observation. In one case the 
tumor had its origin in the tongue; in the other the primary site could 
not be ascertained with certainty, but the parotid gland appeared to be 
the probable source. In reporting these two cases it is not our purpose 
to review the literature or to enter into controversies regarding histo- 
genesis. Our wish is merely to reemphasize the dangerous potentialities 
of this particular type of malignant process and the importance of dis- 
tinguishing it from the ordinary mixed type tumors which have a vastly 
different prognosis. 


report op cases 

Case 1. — A married white man, 35 years old, first registered at the Mayo Clinic on 
June 17, 1939, complaining of pain in the right car of four years' duration. The 
family and personal histories were irrelevant. Previous operations had included ap- 
pendectomy in 1922 and tonsillectomy in 1938. The condition of which the patient 
complained had begun rather insidiously, with intermittent pain in the right car, in 
1935 Just prior to the onset of pain the patient had been swimming much and to 
this he had attributed liis trouble. The pain continued, however, and became constant 
in character. Usually it was a dull ache, but as time went on, sharp exacerbations 
h n to occur at irregular intervals. Tonsillectomy had been performed but had 
began ticaily n0 relief from symptoms. During the year prior to his ad- 

anrpness had developed in the right side of the throat. At about this time 
mission, 0d that dewing aggravated the pain in his right ear. lie com- 

pkined of nothing else except mild dyspepsia of some years - duration. Extens.vc 
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enlarged right cervical lymph node which had been ascertained, at the time of opera- 
tion, to be malignant. 
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18, 1941, reduction was noted in the size of the primary lesion of the tongue and of 
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the patient complained of pain and tenderness in the right side of the upper part of 
the abdomen. This pain had some features suggestive of cholecystitis with stones 
and, on one occasion, had necessitated the use of opiates for relief. It was described 
as a persistent dull ache with frequent exacerbations of increased severity. Loss of 
strength and appetite were noted, but not jaundice or fever. Chilly sensations had 
accompanied one of the attacks of pain. 

Examination of the head and neck revealed marked reduction in the size of the 
primary neoplasm, as well as in that of the metastatic nodule. Opinions regarding 
the condition of the abdomen were best summarized in the consultant’s note: 
“Tender, nodular, enlarged liver with constant pain past six weeks. Severe attack 
seven days ago requiring opiates for relief. Considerable loss of strength and weight. 
Impresses me as metastatic carcinoma of the liver (source ?). Believe exploration 
warranted because of youth and good general condition of patient.” 


On Oct. 14, 1941. surgical exploration of the abdomen was carried out through a 
small right rectus incision. The liver was found “to be full of metastatic (tumor) 
nodules.” A small specimen for biopsy was taken from one of these nodules to 
determine the primary source of the malignancy. Because of the utter hopelessness 
of the patient ’s condition no further roentgen therapy was advised. He was dis- 
missed from our care on Oct. 22, 1941. 

Fatlwlonic Aspects.— Material for study consisted of two small nodules removed 
at biopsy from the tongue and liver, respectively. These nodules were grayish brown 
and of rather firm consistency. There was nothing on gross examination, however, to 
suggest the exact nature of the pathologic process involved. Study of microscopic 
sections prepared from both lesions presented pictures so similar as'to enable one to 
write a single pathologic description. Under the low-power objective one was struck 
ln- the cellularity and manifestly malignant properties of the lesion In neither in 
stance could the invaded tissue (lingual muscles and hepatic parenchvma) be identi 
find. In both lesions a characteristic arrangement of tumor cells Was seen with a 
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showing transition to the mixed tumor type. 

During preparation of the aforementioned review two additional ex- 
amples of "cylindromas” came under our observation. In one case the 
tumor had its origin in the tongue ; in the other the primary site could 
not be ascertained with certainty, but the parotid gland appeared to be 
the probable source. In reporting these two cases it is not our purpose 
to review the literature or to enter into controversies regarding histo- 
genesis. Our wish is merely to reemphasize the dangerous potentialities 
of this particular type of malignant process and the importance of dis- 
tinguishing it from the ordinary mixed type tumors which have a vastly 
different prognosis. 

report of cases 


Case 1. — A married white man, 35 years old, first registered at the Mayo Clinic on 
June 17, 1939, complaining of pain in the right ear of four yeais' dmation. The 
family and personal histories were irrelevant. Previous operations had included np 
pendectomy in 1922 and tonsillectomy in I93S. The condition of which the patient 
complained had begun rather insidiously, with intermittent pain in the right ear, m 
1935 Just prior to the onset of pain the patient had been swimming much and to 
this he had attributed his trouble. The pain continued, however, and became constant 
• character. Usually it was a dull acbe, but as time went on, sharp exacerbations 
T 1 to occur at irregular intervals. Tonsillectomy bad been performed but hud 
- -nroeticaily no relief from symptoms. During the year prior to hi* ml- 

glVCn 5 i.„ ( ? developed in the right side of the throat. At about this time 

t °"iZ o “ .» W-M »« r» .« ...» »r. D, 

pMnedrf nothing else except mild dyspepsia of some years' duration. Extensa e 
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studies made at that time revealed nothing more serious than granular pharyngitis 
and a healing duodenal ulcer. The pain in the ear was considered to be on the basis 
of glossopharyngeal neuralgia. The patient was dismissed with instructions to follow 
a regime for ambulatory patients with ulcer. 

The patient was next seen at the clinic on June 18, 1941. The pain in the right 
ear and the soreness in the right side of the throat had persisted, with increased 
severity, the pain sometimes awakening the patient at night. Recently there had 
developed a “paralyzed feeling’' in his throat, with some difficulty in swallowing and 
articulating. He also stated that food particles seemed to lodge at the base of his 
tongue, on the right side. 

Examination disclosed an indurated, submucous nodule on the right side of the 
tongue, near tiie base. This nodule was fixed superficially and deeply, and was 
considered to be malignant. One of the upper deep cervical lymph nodes was enlarged 
and somewhat firm, suggesting the probability of metastatic involvement. The re- 
sults of general physical examination were otherwise negative except for a question- 
able enlargement of the liver. Roentgenograms demonstrated a persistence of a 
duodenal deformity characteristic of ulcer. 

At operation on June 25, 1941, the tumor of the tongue was found to be too ex- 
tensive for surgical removal. Biopsy was therefore done and fourteen radon seeds 
were inserted. Seven radon seeds also were inserted into the substance of the 
enlarged right cervical lymph node which had been ascertained, at the time of opera- 
tion, to be malignant. 

The patient made two subsequent visits to the clinic. On the first of these, August 
IS, 1911, reduction was noted in the size of the primary lesion of the tongue and of 
the metastatic nodule in the cervical region. On his last admission, Oct. 11, 1941, 
the patient complained of pain and tenderness in the right side of the upper part of 
the abdomen. This pain had some features suggestive of cholecystitis with stones 
and, on one occasion, had necessitated the use of opiates for relief. It was described 
as a persistent dull ache with frequent exacerbations of increased severity. Loss of 
strength and appetite were noted, but not jaundice or fever. Chilly sensations had 
accompanied one of the attacks of pain. 

Examination of the head and neck revealed marked reduction in the size of the 


primary neoplasm, as well as in that of the metastatic nodule. Opinions regarding 
the condition of the abdomen were best summarized in the consultant’s note: 
“Tender, nodular, enlarged liver with constant pain past six weeks. Severe attack- 
seven davs ago requiring opiates for relief. Considerable loss of strength and weight. 
Impresses me as metastatic carcinoma of the liver (source ?). Believe exploration 
warranted because of youth and good general condition of patient.” 

On Oct. 14, 1941. surgical exploration of the abdomen was carried out through a 
small right rectus incision. The liver was found “to be full of metastatic (tumor) 
nodules.” A small specimen for biopsy was taken from one of these nodules to 
determine the primary source of the malignancy. Because of the utter hopelessness 
of the patient ’s condition no further roentgen therapv was advised He was dis 
missed from our care on Oct. 22. 1941. 


Patholooic .lupicts.— Material for study consisted of two small nodules removed 
at biopsy from the tongue and liver, respectively. These nodules were gravis], brown 
and of rather firm consistency. There was nothing on gioss examination however to 
suggest the exact nature of the pathologic process involved. Studv of microscopic 
section, prepared from both lesions presented pictures so similar as 'to enable one to 
write a .im.de pathologic description Under the low-power objective one was struck 
by the celh.lnr.ty and manifestly malignant properties of the lesion. In neither in 
stance could the invaded t .«n e f lingual imwc.es and hepatic parent) be idem"' 
fied. Tn both lesions a characteristic arrangement of tumor celh was seen JU => 
grouping m the form of plugs or cylinders, many ofohkh contained hollow centers ' 
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CYLINDROMA” (ADENOCARCINOMA, CYLINDROMA TYPE) 
Report of Two Cases With Metastasis 

Malcolm B. Dockerty, M.D., and Charles W. Mayo, M.D. 

Rochester, Minx. 

(From the Division of Surgical Pathology, and the Division of Surgery, Mayo Clinic) 

TN A recent review of primary tumors of the submaxillary gland 2 we 
called attention to the frequent, incidence, in this location, of a type 
of neoplasm termed “cylindroma.” It was found that throughout the 
literature in general, and in many of , the older cases of our own series in 
particular, this neoplasm was confused frequently with “mixed tumor.” 
It was observed, in our series, that these cylindromas (adenocarcinomas 
of cylindroma type) were associated with an extremely high incidence of 
recurrence, even after radical operative procedures. Infiltrative tend- 
encies were most pronounced with special reference to perineural lym- 
phatic involvement. Metastasis was not infrequent and the prognosis, 
in general, proved unfavorable not only in those instances in which the 
neoplasm was a pure cylindroma hut also in our small group of examples 
showing transition to the mixed tumor type. 

During preparation of the aforementioned review two additional ex- 
amples of “cjdindromas” came under our observation. In one ease the 
tumor had its origin in the tongue; in the other the primary site could 
not he ascertained with certainty, but the parotid gland appeared to he 
the probable source. In reporting these two cases it is not our purpose 
to review" the literature or to enter into controversies regarding histo- 
genesis. Our wish is merely to reemphasize the dangerous potentialities 
of this particular type of malignant process and the importance of dis- 
tinguishing it from the ordinary mixed type tumors which have a vastly 
different prognosis. 


report of cases 

Case 1. — A married white man, 35 years old, first registered at the Mayo Clinic on 
June 17, 1939, complaining of pain in the right ear of four years' duration. The 
family and personal histories were irrelevant. Previous operations had included ap- 
pendectomy in 1922 and tonsillectomy in IMS. The condition of which the patient 
complained had begun rather insidiously, with intermittent pain in the right ear, in 
1935 Just prior to the onset of pain tiie patient had been swimming much and to 
this he had attributed his trouble. The pain continued, however, and became constant 
. c .. arac ter. Usually it was a dull ache, but as time went on, sharp exacerbation- 
1 . ooour a t irregular intervals. Tonsillectomy had been performed but hail 

began D0 relief from symptoms. Paring tiic year prior to his ail- 

^ corene's had developed in the right side of the throat. At about this time 

®' fS1 ° ’ nt Served that chewing aggravated the pain in his right ear. He com- 
^lained ^nothing else except mild dyspepsia of some years' duration. Extensive 
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was performed in an effort to eradicate the neoplastic tissue, which proved to he 
grade 2 adenocarcinoma of the cylindroma type. Post operatic elv, intensive roentgen 
therapy vv as administer ed. The patient ieturned on four occasions for further ob- 
servations and continuance of roentgen therapy. On her fourth admission (July o, 
1939), she complained of preaurieular tenderness and a nodule in the mastoid region. 
Examination disclosed several zones of apparently tecurrent neoplastic tissue in the 
preaurieular and postauricular areas. These were treated by excision (cautery). 
Needles containing indium were inserted locally. Microscopically, the nodules of 
tissue removed again were typical of adenocarcinoma of the cylindroma type. 

During the patient's three visits to the clinic, from 1939 to 1941, it was apparent 
that the disease had been arrested locally. On July 9, 1940, an enlarged right cervical 
lymph node was removed. Tltis proved to be inflammatory. The patient’s last ad- 
mission was on March 9, 1942. She sought attention because of several small lumps 
which had recently appeared in the right side of the neck. These nodules had been 
somewhat tender. Examination disclosed tire presence of two enlarged firm nodules 
in the right upper cervical region. There was no evidence of local recurrence of the 
malignant process. 



Ftg. 2 — a 

pronounced cellularrtj with a v 
sideiabh m 


n ?rade 2, cylindroma type; the primary lesion show 

ellularitj with a veritable honeycombing of the cylinders which van* con 
® l2 f- L n and eosin x60) ; b, the metastatic lesion presents - 

piviuie unm'St identical to that of the primary neoplasm; some of the “acini’' n 

filled with muciK ; in others the Cnn one o rxrvort *• rxmntv / h <i*vx n -»-t l — , ^ .1 ^ . c 


pictuie almost identical to that of the primary neoplasm; some of the “achd*'*! 

ot,ier s the spaces appear empty (hematoxylin and eosin X60) 


a 
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At operation on March 10, 1942, these nodes were removed in a block dissection 
involving the right cervical chain of nodes. One of the enlarged nodules proved to 
be an inflammatory Ijniplt node. The other was diffusely invaded by a metastatic 
grade 2 adenocarcinoma of the cylindroma type. 


Pathohmn- Aspects. Material for study consisted of tissue removed from the ear. 
from the preaurieular and postauricular regions, and from the mastoid process (this 
last tissue had been removed prior to 19401. Available also was the metastatic nodule 
from the cement region, removed on March 10, 1942. These specimens all had beea 
preserved in formalin and were reeut and restudied from blocks of tissue treated hv 
the fixed froren section technique and stained routinely with licmatoxvlin and eosin 
ytains for mucin also were emploved. 
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centre s^en to'J’Tn 7 77 ^ objocHv, * s ° f th ° the tumor 

seen to bo small and deeply stained with hematoxylin Si 20 , vas rennik „ bh . 

t s sca, : ty in amoutit “ a ** ^ i- ou7;ir rs 

The erotic areas Z f ^ llypcrcllromatic . 3"* mitosis was rarely encountered. 

£? 777 ,S0I 7 WCrC SCen t0 attempts at the formation of acini 

i ’ .' C t! ' C entuc P' cturo ^Pealed to bo compatible with a diagnosis of 

tvnf I 7Tr'“ (Bro<Jers) > c - vIin(lroma type- Hyaline stromal changes so 
typical of cylindroma weie noted. 



Fig. l.~n. Primary lesion of the tongue, showing strands and solid and cystic 
colds of cylinders of small hypci chromatic tumor cells (hematoxylin and eosin XI 35) ; 
J>, adenocarcinoma, grade 1, cylindroma type, from one of the metastatic nodules in 
the liver (hematoxylin and eosin X135). 


Case 2. — A married white woman, 48 years old, first legisteied at the clinic on 
June 14, 1938, complaining of pain in the right mil , of nine years’ duration. Hei 
familv history and past medical iecord had been irielevant. The patient’s husband 
and three children were living and well. Her present illness had begun nine years 
prior to legislation, with intermittent pain in the region of the light car. This 
pain continued, and when medical advice was sought a small tumor was discovered 
and removed. The pathologic leport at that time nas adenocarcinoma, probably of 
sebaceous glandular origin, and the patient nas treated with a total of 5400 milli- 
o-ram hours of radium with a view to preventing iccnrrenno. Temporary control was 
obtained, but pain returned. 

Examination at the clinic disclosed wluit appeared to he a recurrence of a malig- 
nant process filling the right external auditory canal. Extension was appaienf in 
the upper and inner aspect of the auricle. Postaurieular tenderness was elicited. 
Roentgenograms of the right mastoid region revealed a diffuse cloudiness, with no 
actual evidence of destruction of bone. 


At operation on June 15, 1938, an extensively lecurrcnt neoplasm was found m 
,-olvino- the entire external auditory meatus. The inner and upper surfaces of the 
auricle were involved and there was extension into the skin of the prea.ir.eiilnr and 
rinsHuricular regions. Deeply, involvement of the right mastoid process was ap 
P rent As extensive operation, including mastoidectomy and remora/ of the resm/es. 
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was performed in an effort to eradicate the neoplastic tissue, which proved to be 
grade 2 adenocarcinoma of the cylindroma type. Postoperatively, intensive roentgen 
therapy was administeicd. The patient returned on four occasions for further ob- 
servations and continuance of loentgeu therapy. On her fourth admission (July 5, 
1939), she complained of pteauricular tenderness and a nodule in the mastoid region. 
Examination disclosed seveial zones of apparently recurrent neoplastic tissue in the 
preauricular and postauricnlar aieas. These were treated by excision (cautery). 
Needles containing indium were inserted locally. Microscopically, the nodules of 
tissue removed again were typical of adenocarcinoma of the cylindroma type. 

During the patient’s three visits to the clinic, from 1939 to 1911, it was apparent 
that the disease had been airested locally. On July 9, 1910, an enlarged right cervical 
lymph node was removed. This proved to be inflammatory. The patient s last ad- 
mission was on March 9, 1912. She sought attention because of several small lumps 
which had recently appeared in the right side of the neck. These nodules had been 
somewhat tender. Examination disclosed the presence of two enlarged firm nodules 
in the right upper cervical region. There was no evidence of local recurrence of the 
malignant process. 




>*.;**i 


Fig 2—o. Vdenocarcmoma. grade 2, cylindroma type; the primary lesion 
pronounced cellularitj vv ith a veritable honeycombing of the cylinders which vary con- 
Mde.abl} in s.z<- (hematoxj m and eosm X60) ; b, the metastatic lesion present a 
picture almost identical to that of the primary neoplasm; some of the "arim" are 
filled with mucus, in others the spaces appear empty (hematoxylin and eosin X60). 

At opto at i on on Man h 10, 1942, these nodes were removed in a block dissection 
mi oh mg the right eerv ical chain of nodes. One of the enlarged nodules proved to 
be an inflammntoiy lymph node. The other was diffusely invaded by a metastatic 
grade 2 adenocarcinoma of the cylindroma type. 

Pathol, „i„- i^xc/s.— Material for study consisted of tissue removed from the ear 
from the preauricular and postauricnlar regions, and from the mastoid proces-s (this 
last tissue had been removed prior to 1940). Available also was the metastatic nodule 
from the cervical reg, on removed on March 10, 1942. The=e specimens all had been 
preserved m formalin and were reeut and restudied from blocks of tissue treated hv 
, 1 m fixed frozen sect, on technique and stained routinely with hematoxylin and eo=in 
for mucin al>o were employed. ' 



Section taken from the tissue removed for the 
thrombi of neoplastic cells are seen fill Ins the lympliatic spac< 
cosfn XCO) ; 6, cores of the cylinders undergoing a process of .. 
toxvlin and 'eosin X200). 
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Central "coring out" of the cylinders was extremely prominent, with a veritable 
honeycombing. of entire fields. These "alveoli" varied considerably in size. Many 
of the cystic cores were empty; others were filled with a macoid substance (Fig. 26), 
and still others appeared to be undergoing a process of hyalinization. Under the 
high-power objective the general cytologic features of the cells appeared to be similar 
to those described for Case 1. However, in view of the greater variation in the 
size and shape of the cells and the finding of more than occasional mitoses, a diagnosis 
of grade 2 (low) adenocarcinoma, cylindroma type, seemed to fit the lesion best. 
Xo nerves were found in the sections, but thrombi of neoplastic cells were seen to 
have infiltrated all available lymphatic spaces (Fig. 3a). Special features of the 
metastatic nodule from the cervical region were a more pronounced tendency toward 
hyalinization (Fig. 3b) affecting both the "acini" and the stroma, and a degree of 
"palisading" (Fig. 4) not observed in the primary lesion. This palisading was most 
prominent at the peripheries of islands of tumor cells. 

COMA TEXT 

Adenocarcinoma of the cylindroma type is most frequently en- 
countered in the parotid gland, where, according to Stein and Gesehiek- 
ter, the incidence is 17.4 per cent of the tumors arising therein. The sub- 
m axillary gland follows next in order, with approximately the same rela- 
tive incidence of “cylindromas,” but with a much smaller total number 
of neoplasms arising in this location. It is well known, however, that 
“cylindromas” can arise in connection with the lips, gums, tongue, floor 
and roof of the mouth, pharynx, larynx, and even the lacrimal gland. 
Briefly, they can occur wherever mucous glands are found about the head 
and neck. 1 The aforementioned locations are, in the same order of fre- 
quency, the favorable locations for the so-called mixed tumors. These 
characteristics, together with the fact that adenocarcinoma of the mixed 
tumor type is five to ten times more commonly encountered than adeno- 
carcinoma of the cylindroma type, have combined to mask the distinction 
between these two forms of malignancy. The occasional discovery of 
neoplasms having features of both types lias merely added to the diffi- 
culty'. It has been our experience, however, that whenever a “mixed 
tumor” has exhibited cylindromatous areas microscopically, the prog- 
nosis lias appeared to be almost as serious as it would he if the neoplasm 
existed as a pure “cylindroma.” 

Is the term “cylindroma” used ill advisedly in connection with neo- 
plasms of this unusual type? Probably not, if the prefix Adenocarcinoma 
is used to indicate an origin from glandular epithelium, so that confusion 
of the tumors with cylindromas of the skin is thereby avoided. This last 
mentioned type of neoplasm is a basal-cell epithelioma which is usuallv 
associated with a good prognosis. 

The relatively long clinical history in each of these two cases of 
“cylindroma” is in keeping with our findings in connection with similar 
lesions of the submaxillary gland. It adds further to the difficulty of 
preoperative separation of the tumor from some of the more rapidlv 
growing examples of mixed tumor. The persistent pain suffered by both 
patients recalls the frequency of pain (70 per cent) noted in our series 
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of submaxillary tumors. Finally, it is noteworthy that in both patients 
concerned in this report metastasis developed while the primary lesion 
seemingly was being controlled by local treatment. This observation em- 
phasizes further not only the importance of the early recognition of 
“cylindromas” but also the necessity for a reserved, if not a guardedly 
bad, prognosis. 

SUMMARY 

Two examples of metastasizing adenocarcinomas of cylindroma type 
are recorded. These tumors can arise from many situations about the 
head and neck. They are sometimes confused with the more commonly 
occurring mixed tumors, but should be carefully delineated from the 
aforementioned group because “cylindromas” demand early treatment 
of a vigorously radical nature. 
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PROBLEMS IN THE SURGICAL MANAGEMENT OF 
DIABETIC GANGRENE 


Charles W. McLaughlin, Jr., M.D. 

Omaha, Neb. 

( From the Department of Surgery, University of Nebraska College of Medicine ) 

T HE surgical treatment of diabetic gangrene has presented a prob- 
lem of increasing interest since the discovery and general use of 
insulin. Twenty years ago coma was the major complication and 
cause of death in diabetes mellitus. Relatively few patients with a 
severe form of the disease lived past midlife, and surgical deaths were 
proportionately infrequent. Joslin 5 found that 51 per cent of a series 
of 1,147 diabetic deaths prior to 1922 resulted from coma, while only 
9.8 per cent could be attributed to surgical complications. At the pres- 
ent time coma is responsible for less than 5 per cent of the diabetic 
deaths. These patients now survive until the sixth or seventh decades, 
when heart disease or infection and gangrene of the lower extremities 
is the principal cause of death. 

The purpose of this paper is to report our experience in the surgical 
management of diabetic gangrene at the University of Nebraska dur- 
ing the ten-year period from 1932 to 1942. The patients were all seen 
in the University Hospital, a teaching institution with 250 beds which 
accepts only charity patients from the entire state. This analysis 
covers a decade marked by prolonged drouth and repeated crop fail- 
ures in this area. The majority of patients came to us from small 
rural communities, farms, and ranches. Many were first seen by their 
local physician when infection or gangrene of an extremity was well 
established and were immediately referred to the hospital for emer- 
gency surgery. It is obvious that problems encountered with such a 
group of patients will differ from those in private practice or even on 
a charity service in one of our large urban centers. Regular care or 
attendance at a medical clinic with supervision of the diet, insulin and 
care of the extremities has not been the rule in those who were known 
to have diabetes. These factors must be kept in mind in considerin'-- 
the analysis of our results in the treatment of diabetic extremities with 
infection and gangrene. 

From 1932 to 1942 admissions of patients with diabetes mellitus to 
the University Hospital were 802. Of these admissions, fifty-three dia- 
betic patients with infection or gangrene of the lower extremities have 
been se en on the surgical service, an incidence of G.6 per cent. John 7 
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reported that the incidence of gangrene in diabetic patients varies 
10 m 2 4 to IS per cent m the reported series; the average in thirteen 
large climes is 5.2 per cent. 


Table I 


Series of Fifty- Three Patients (1932-1942) 


Males, 31 cases 
Females, 22 cases 
Average age: 

First five-year group (25 cases) 
Second five-year group (28 cases) 
Males 
Females 


Youngest 44 yr. 
Oldest 72 yr. 

60 yr. 
61.5 yr. 

61 yr. 
GO yr. 


The average age of these fifty-three patients was 61 years (Table I); 
the youngest was 44 years and the oldest, 79 years. Joslin 0 has shown, 
ftom figures of the Metropolitan Life Insurance Company, that since 
1926 the average age of the diabetic patient at death has been in- 
creased from 44 to G1 years and that the average duration of the dis- 
ease is from 4.8 to 9 years. Eliason 5 reported that the average age 
of patients with diabetic gangrene increased seven years between the 
years 1926 and 1933. In McKittrick’s' 4 recent review of 1,036 eases 
of diabetic gangrene, the average age was 65 years. McKittriek and 
Root 11 had previously fouud that in 60 per cent of their patients, 
diabetes developed after the age of 40 years and in only 25 per cent, 
between the ages of 25 and 40 years. The surgeon may therefore ex- 
pect the diabetic patient with gangrene of an extremity to appear dur- 
ing the sixth decade of life. 

In our group 32 per cent were considered to have mild diabetes on 
admission, 59 per cent, moderate to severe, and only 9 per cent, severe. 
This classification is only relative since the true metabolic status of the 
diabetic patient can only be evaluated when all infection is controlled. 
The fact remains, however, that the majority of patients in whom 
diabetic, gangrene develops are not severe diabetics when their infec- 
tion is eradicated and their carbohydrate metabolism stabilized. 

One of the striking facts in this small series was the presence of 
definite gangrene in fifteen patients, or 28 per cent, before glycosuria 
was discovered (Table II). Twelve patients were admitted to the bos- 


Table XX 


Known Duration or Diabetes in Series of Futv-Tiiree 

Patients 

TIME - - 

CASKS 

vfmckxtm;): 

- — ~ — 'Unknown on lui'nission 

12 

2:1 

.0 

s 

1 month to 1 yr. 

4 

1 to 2 yr. 

n 

21 

2 to 5 yr. 

11 

21 

5 to 10 yr- 

Over 10 yr. 

— — — — - — TT >„ nor cent, gangicne 

10 

IK 1 fore f?Iyco*<mIa i 

18 

Kflft lll.^COWTl <J. 
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pital before a diagnosis of diabetes was made, and twenty-one patients, 
or 40 per cent, bad either not known they had diabetes when hospital- 
ized or gave a history of glycosuria for less than two years. Eliason” 
found that 50 per cent of 175 patients with established diabetic gan- 
grene admitted to the Philadelphia General Hospital were unaware 
that they had glycosuria. 

Joslin 9 has aptly said that the surest way to produce gangrene in 
the diabetic patient is to keep him alive and provide inadequate treat- 
ment. This statement is amply supported by the infrequent occurrence 
of diabetic gangrene in patients imder good medical supervision and 
the much higher incidence and mortality among the indigent. An ex- 
ample is the experience of Standard, Brandaleone, and Ralli 20 with 
diabetic gangrene in two series of patients. Prior to the onset of gan- 
grene, one group had received adequate diabetic care, the other series 
none. In the latter series mortality from gangrene was twice as high 
and three times more frequent following major amputations as in the 
first group of previously treated patients. 

The type of medical therapy received by our group of fifty-three 
patients prior to their admission with gangrene is listed in Table HI. 


Table III 

Previous Treatment for Diabetes in Series of Fiftv-Thp.ee Patients 


TREATMENT 

CASES 

PERCENTAGE 

None 

21 

39 

Poor 

11 

21 

Fair 

17 

32 

Good 

4 

S 


Of twenty-one patients untreated for their glycosuria, fifteen were ad- 
mitted without knowledge that they had diabetes. A total of 60 per 
cent of patients known to have diabetes had received entirely inade- 
quate treatment, while only 8 per cent had been under good medical 
management. Responsibility for this poor record in the medical con- 
trol of these patients is difficult to assign. Economic conditions and 
distance from competent medical supervision were undoubtedly impor- 
tant factors. In addition, the ignorance and indifference of these indi- 
viduals remain obstacles to be overcome. In those who had had pre- 
vious hospitalization and instruction covering diet, use of insulin, and 
care of the extremities, this advice was often forgotten or ignored as 
soon as symptoms were relieved. 

Education undoubtedly can and will help reduce the incidence of 
infection and gangrene in diabetic patients. The increasing popularity 
of periodic health examinations will bring to light many cases of milk 
diabetes winch we may expect to develop during the fifth, sixth, and 
seventh decades. Simplified diets and the use of protamine insulin 
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<ue making adequate control easier for the diabetic patient of limited 
intelligence. Greater effort must be made to impress all diabetic pa- 
tients with the importance of proper care of the feet. 

In Table IV the known precipitating factors preceding the onset of 
gangrene in our series of patients are listed. Burns from hot water 
bottles, blisters from tight shoes, and the injudicious paring of corns 
were responsible, in the order named. 

Table IV 


Precipitating Factors Preceding Onset op Gangrene 


FACTORS 

CASES 

PERCENTAGE 

Burns (hot water bottle) 

s 

14 

Blisters (tight shoes) 

5 

9 

Frostbite 

2 

4 

Paring corns 

4 

8 

Trauma 

2 

4 

Unknown 

32 

61 


Brandaleone 1 and his associates have emphasized the value of prophy- 
lactic foot care in patients with diabetes. They found in their series 
that special instruction in the care of the feet reduced the number of 
pedal infections requiring hospital admission from 10 to 4.6 per cent 
and the number of amputations, from 32.4 to 25.9 per cent. 

Extensive wet gangrene of the toes and foot, often extending into 
the leg, was the most common type of lesion encountered (Table V). 


Table V 


Extent of Pathology on Admission in Series of Fifty-Three Patients 


PATHOLOGY 

CASES 

PERCENTAGE 

Penetrating ulcers of feet 

9 

17 

Dry gangrene (limited to toes) 

6 

11 

Wet gangrene (toes — distal foot) 

6 

11 

Extensive wet gangrene (foot) 

32 

61 

Unilateral involvement 

34 

62 

Bilateral involvement 

19 

38 


These patients with toxemia, sepsis, acidosis, and uncontrollable dia- 
betes and with the constant hazard of gas bacillus infection present a 
very grave surgical emergency. Those individuals with dry gangrene, 
infected penetrating ulcers of the feet, or moist gangrene limited to 
one or two toes were not acutely ill. and their treatment did not de- 
mand the same heroic measures. It is characteristic that nineteen 
patients, or 38 per cent of the group, had bilateral involvement of the 
lower extremities when first seen. 

The relationship between arteriosclerosis and diabetes is now well 
• ! i Fsnerience has shown that the arteriosclerotic process 
appreciated . * Jn spite 0 f therapy, with the result that the din- 

continues to _ #rc usually ten years older than the patient, 

betic patient s ^ gerve( i that pulsations in the lower extremities of 
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these patients tend to disappear ten to twenty years earlier than in 
nondiabetic individuals. Lisa, JIagiday, and Hait 10 recently reported 
a study of the peripheral vessels in amputated gangrenous limbs of 
106 patients. Of these, approximately one-half (fifty-five) were dia- 
betic patients averaging 65 years of age, while the fifty-one with 
arteriosclerotic gangrene had an average of 68 years of age. In the 
vessels of the two groups of patients no characteristic pathologic dif- 
ferences could be distinguished. 

Calcification of the peripheral vessels was demonstrated by x-ray by 
Morrison and Bogan 16 in 53 per cent of 324 consecutive diabetic pa- 
tients and was demonstrable in 91 per cent of those who were known 
to have diabetes for a ten-year period. X-ray studies of the lower 
extremities of forty-three of our patients (Table VI) showed visible 


Table VI 

X-ray Findings in Involved Limbs in Series of Forty-Three Patients 


X-RAY FINDINGS 

CASES 

PERCENTAGE 

No visible calcification 

8 

19 

Moderate calcification 

10 

23 

Marked calcification 

16 

37 

Osteomvelitis, calcification 

6 

14 

Gas in soft tissues 

3 

7 


Ten patients not examined by x-ray. 


calcification of the peripheral vessels in 74 per cent, with marked cal- 
cification in 37 per cent. Although a peripheral vessel demonstrating 
visible calcification cannot be assumed to be incapable of carrying 
blood, its ability to demonstrate palpable pulsations is important from 
the standpoint of prognosis and treatment. However, it is quite un- 
usual to find either a pulsating dorsalis pedis or posterior tibial artery 
in an individual with marked calcification of the peripheral vessels. 
Gas in the soft tissues of the feet was noted by x-ray in three cases. 
This finding does not always indicate the presence of anaerobic gas- 
forming organisms since the colon group are capable of producing a 
similar picture. In two patients a diagnosis of gas bacillus infection 
was established by clinical and baeteriologie study, while in the third 
patient anaerobic organisms could not be demonstrated. 

It is extremely difficult in a general hospital to standardize the treat- 
ment of any group of patients with diabetic gangrene. The problems 
presented by the individual ease demand the closest possible coopera- 
tion between internist and surgeon. Experience in the majority of our 
large teaching clinics has amply demonstrated the importance of man- 
agement of these patients by a small team of medical men and sur- 
geons especially interested in these problems and equally willhm to 
devote the required time and care. Every reported series of patients 
so handled has shown a striking improvement in mortalitv with a com- 
mendable reduction in hospital days. Our series of patients was not 
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thus supervised; the internist on service was responsible for the care 
of the diabetes and the surgeon on ward service at the time of the 
patient’s admission was responsible for surgery. Inevitably this sys- 
tem will result in a higher mortality because of split responsibility, 
ultra conservatism of either internist or surgeon, and lack of the per- 
fect teamwork essential in the management of these complex problems. 

In the surgical treatment of patients with diabetic gangrene, the 
selection of the anesthetic agent is extremely important. The ideal 
anesthetic has a wide margin of safety, permits satisfactory perform- 
ance of the proposed procedure, does not lower local tissue resistance, 
and interferes as little as possible with the patient’s metabolism. Pctt- 
tothal sodium has been our choice in minor surgical procedures, in- 
cluding amputation of toes, debridement, incision, and drainage. Low 
selective spinal anesthesia, using 50 mg. of novocain, has been very 
satisfactory for all major amputations. When an inhalation anesthetic 
was necessary, cyclopropane was preferred to nitrous oxide or nitrous 
oxide and ether. We have had no experience with anesthesia by re- 
duced temperatures as recently advocated by Crossman and associates. 2 

For all procedures of election the patient is given his regular break- 
fast with necessaiy insulin at 7 a.m. After a period of three hours, 
surgery is carried out under pentotlial or spinal anesthesia with little 
risk of nausea or vomiting. Two hours after operation orange juice 
is permitted by mouth and by evening the regular diabetic diet. Those 
admitted as surgical emergencies, requiring prompt debridement or 
open amputation, are given intravenous glucose covered with insulin 
to correct acidosis. Following operation they are given orange juice 
with necessary insulin at four-hour intervals; a diabetic diet is pre- 
scribed by the attending internist as soon as it can be tolerated. 


Table ATT 

Treatment in Series op Fifty-Three Patients 


TREATMENT 


CASES 


PER CENT 


■MORTALITY 


CASES | PER CENT 


Conservative therapy 
Conservative surgery 

Incision and drainage 
Toe amputation 
Primary major amputation 
Primary conservative surgery with 
subsequent major amputation 
Major amputation requiring 
reamputation 


17 


in 


13 

35 

13 

4 


0 

0 


1 


12 

0 
0 
«i i 
2S 

50 


V iiitv 1° patients in series of 33, or 22.fi per cent. 

T^ere was an 'operative mortality of 10 patients in series of as. or 27.7 per cent. 

. n+Unp of snrmcal treatment is given in Table V1J. Con.scrvaf ive 
. AU -th or without minor surgical procedures was used in twenty- 
therapt tut ccnt 0 f the series. In this group 

seven pnticn s • - ticnts admitted in extremis. It 

deaths occurred, both m P<" 


only two 
would he 
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ideal if all patients with infection or gangrene might be admitted suffi- 
ciently early to make conservative measures more frequently feasible, 
with resultant saving of limbs. Primary major amputation in nineteen 
patients resulted in seven deaths, a mortality rate of 37 per cent. In 
two patients major amputation required reamputation, with one death ; 
and seven patients with primary conservative surgery were followed 
by subsequent major amputation, with two deaths. In this whole series 
of fifty-three patients, twelve died, a mortality of 22.6 per cent. Of the 
thirty-six patients operated upon, 'ten died, a surgical mortality of 27.7 
per cent. 

In an analysis of the mortality rate for major amputations in dia- 
betic patients reported by sixteen surgeons, John 7 found a variation 
of from 5 to 65 per cent, depending upon the hospital and the type of 
patient. Williams and O’Kane 21 report that institution of a diabetic 
service reduced mortality from 85 to 36 per cent in a four-year period. 
Zierold’s 22 mortality in major amputations dropped from 50 to 10 per 
cent in one year’s time after institution of a two-stage procedure in 
the care of extensively infected patients. Pearse and Ziegler 18 record 
a similar decrease in mortality from 45 to 12 per cent. MeKittrick 1 ' 1 
recently reported a commendable mortality rate of only 11.5 per cent 
in a series of 407 patients with diabetic gangrene subjected to a closed 
supracondylar amputation. This procedure, in the presence of exten- 
sive wet gangrene or infection, followed a previous open guillotine 
amputation below the knee. 

The highest mortality in our group occurred in the nineteen cases 
of primary thigh amputation, a result to be anticipated in patients 
with extensive spreading infection, wet gangrene, and marked sepsis. 
Of this group, four succumbed to gas gangrene involving on admission 
the entire leg in two eases and arising in the amputation stump in the 
other two (Table VUI). Bilateral gangrene accounted for one death 
and sepsis and pneumonia for the remaining two fatalities. 


Table VIII 

Analysis of Cause of Death in Series of Twelve Patients 


CAUSE OF DEATH 

CASES 

PERCENTAGE 

Sepsis, arteriosclerosis, pneumonia 

Gas bacillus infection 

7 

5S 

Arising in amputation stump 

o 

17 

Extensive involvement of limb 

9 


Toxemia, bilateral gangreno 

1 

17 

8 


For the last two years we have increasingly used a two-stage proce- 
dure m these desperately ill patients with wet gangrene, plantar space 
abscess, or spreading infection limited to the foot. Correction 0 f 
ketosis is followed by extensive debridement of all infected and 
grenous tissue or wide incision, as suggested by Zierold 22 Definite 
cluneal improvement is usual, with return of normal temperature and 
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i apid relief from sepsis. After three days of normal temperature, a 
high amputation at the site of election is carried out in a patient whose 
general condition is greatly improved. McKittrick , 13 Pearse and 
Ziegler , 1S and also Gallie 6 advocate the employment of sue h a two- 
stage procedure but favor a guillotine amputation through the leg fol- 
lowed in a suitable period by a closed amputation at the supracondylar 
level. Our patients with infection and gangrene extending above the 
ankle have been treated by an open circular amputation in the mid- 
thigh with subsequent secondary closure . 15 


Table IX 

Types of Major Amputations Employed 


AMPUTATIONS EMPLOYED 

CASES 

PERCENTAGE 

Circular midtliigli drained 

17 

61 

Circular midthigh not drained 

4 

14 

Callander, no drain 

4 

14 

Flap amputation below luiee 

3 

11 

There were twenty-eight major amputations in 

twenty-six 

patients. 


was 


A midthigh amputation with short anterior and posterior flaps 
the most common procedure employed in this series of patients (Table 
IX). The type of amputation described by Callander was used four 
times; three patients had flap amputation below the knee, hut this 
type of procedure has not been employed recently, and, in general, its 
use is not advisable in diabetic patients. 8 * *• 11 Anatomically the Cal- 
lander amputation gives an excellent stump, but the considerably 
longer operative time required is often a distinct disadvantage. Our 
preference for the midthigh level has been dictated by the extent of 
pathology present and by the fact that such patients very rarely im- 
prove sufficiently to wear an artificial limb. The closed supracondylar 
amputation advocated by McKittrick 13 * 11 and Samuels 19 is commend- 
able in reducing time required for wound healing and the excellent 
stump which results. However, this type of closed procedure demands 
a clean operative field, meticulous technique, and previous control of 
any spreading infection in the adjacent leg. 

Our experience with wound healing in these diabetic stumps confirms 
the dictum of Bliason that “clean wounds in diabetes do not heal as 
Hndlv as in nondiabetics.” 8 He has reported that some form of infec- 
tion with severe diffuse suppuration developed in 42 per cent of the 
station stumps in a large series of patients. In our senes of 28 
aml ‘notations, definite wound infection developed m sixteen 
in83 . . ‘ J. r 7 ce nt (Table X). Drainage for forty-eight hours was 

patients, oi b P ' j ts j n twe lve of which (CO per cent) frank wound 
used m tv eii t a P* ^ woUU(Is io heal by primary union or 

infection dere op - ^ ^ remaining eight patients who had closed 

became infected m , overs v over use of drains after major nmpiitn- 
amputations. The coi \ ■ fatuil ; ar to .,ji interested in this type of 

tions for diabetic gangiei 
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• Table X 


Wound Healing in Series of Twenty-Eight JIajof. Amputations 


CASES 

CLEAN 

WOUNDS 

INFECTED 

WOUNDS 

CASES 1 

PER CENT 

CASES | 

PER CENT 

Circular midthigh drained 

17 

6 

35 

11 

05 

Circular midtliigli not drained 

4 

1 

25 

3 

75 

Callander, no drain 

4 

o 

e» 

75 

1 

25 

Flap amputation below knee 

3 

2 

66 

1 

33 


surgery. In the majority of our series drains were deemed advisable 
because of the extensive adjacent infectious process, the frequency of 
gas infection, and the needed exit for serum. The trend of the past 
few years has definitely been toward nondrainage. Admittedly a drain 
may permit entrance of organisms into a clean wound and delay heal- 
ing in tissue of low vitality, but if these amputation stumps are closed 
without drainage, any adjacent infection in the leg must be stabilized, 
hemostasis must be meticulous, and the possibility of a gas infection 
in the stump constantly kept in mind. The two-stage pi’ocedure in 
cases of extensive spreading infection, together with local use of sul- 
fonamides, will undoubtedly reduce the number requiring drainage and 
will increase the number of clean wounds. 

Diabetic gangrene is an extremely expensive disease, as proved by 
hospital records. Since the majority of these patients are aged and 
without funds, their care becomes the responsibility of charity or the 
taxpayer. The average number of hospital days for our entire series 
of 53 patients was 47.4 days; of those who survived, fifty-two days 
(Table XI). These figures agree with those of Eliason, 3 who reported 

Table XI 

Days of Hospitalization in Sep.ies of Fifty-Three Patients 

bays ~ 


Average for entire group 47.4 

Average for fatal cases 29 

Average for nonfatal cases 52 

Average for fatal operative cases before surgery 13.3 

Average length life (fatal cases after surgery)' 3 


an average of 36.5 hospital days for his entire group of 170 patients 
and an average of 62.2 days for those who recovered. 

Further analysis of our series discloses that those who succumbed 
following operation were in the hospital for an average of 13.3 dnvs 
before surgery was undertaken. In certain eases it is thus apparent 
that entirely too long a period of conservative medical treatment inter- 
vened before surgical consultation was requested. The diabetic patient 
with wet gangrene or spreading infection will not and cannot respond 
to medical treatment until the infection is overcome by surgical means 
Conservatism 011 the Part of the medical attendant can he quite as 
disastrous as the same tendency in the consultant surgeon. The degree 
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of success attained in tlie management. of patients with diabetic gan- 
grene depends upon the close cooperation of a competent internist and 
surgeon, each accepting full responsibility for his part of the problem 
from the time of the patient’s admission to the hospital. 

Follow-up studies on any series of patients with diabetic gangrene 
arc extremely discouraging. McTuttriek and Pratt 12 found that only 
33 per cent of 188 patients were alive two years after operation, and 
of these 34 per cent had had bilateral amputation. Eli a son 5 reported 
that 55 per cent of his series of 175 patients were dead within one year 
after operation. Our follow-up on this series of patients, while incom- 
plete, suggests similar results with approximately 50 per cent being 
dead within one year after their dismissal from the hospital. Few 
patients have recovered sufficiently to return to their former work or 
pursue any gainful occupation. 


CONCLUSIONS 

1. A group of fifty-three patients with diabetic gangrene occurring in 
a series of S02 patients admitted with diabetes is reviewed. 

2. Adequate medical treatment of the diabetic patient and meticu- 
lous care of the extremities are the most important factors in reducing 
the incidence of diabetic gangrene. 

3. Improved surgical results follow the more general appreciation 
of the underlying surgical principles governing the care of diabetic 
gangrene. 

4. Close cooperation of an internist and surgeon familiar with these 
problems is essential if these critically ill patients are to receive ade- 
quate treatment. 

5. Diabetic gangrene is an extremely expensive disease. The period 
of hospitalization is usually protracted, and few patients improve suf- 
ficiently to return to any gainful occupation. 
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of: success attained in the management, of patients with diabetic gan- 
grene depends upon the close cooperation of a competent internist and 
surgeon, each accepting full responsibility for his part of the problem 
from the time of the patient’s admission to the hospital. 

Follow-up studies on any series of patients with diabetic gangrene 
are extremely discouraging. McKittriek and Pratt 12 found that only 
o3 per cent of 188 patients were alive two years after operation, and 
of these 34 per cent had had bilateral amputation. Eliason 5 reported 
that 55 per cent of his series of 175 patients were dead within one year 
after operation. Our follow-up on this series of patients, while incom- 
plete, suggests similar results with approximately 50 per cent being 
dead within one year after their dismissal from the hospital. Few 
patients have recovered sufficiently to return to their former work or 
pursue any gainful occupation. 


CONCLUSIONS 

1. A group of fifty-three patients with diabetic gangrene occurring in 
a series of 802 patients admitted with diabetes is reviewed. 

2. Adequate medical treatment of the diabetic patient and meticu- 
lous care of the extremities are the most important factors in reducing 
the incidence of diabetic gangrene. 

3. Improved surgical results follow the more general appreciation 
of the underlying surgical principles governing the care of diabetic 
gangrene. 

4. Close cooperation of an internist and surgeon familiar with these 
problems is essential if these critically ill patients are to receive ade- 
quate treatment. 

5. Diabetic gangrene is an extremely expensive disease. The period 
of hospitalization is usually protracted, and few patients improve suf- 
ficiently to return to any gainful occupation. 
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INTRODUCTION 


tile 

mid 


l\yj ANY papers on staphyloeoeeus bacteriophage have shown that 
lytic activity is affected by such body fluids as blood, serum, i 
Pus. Most of these studies are concerned with the power of serum to 
inhibit bacteriophage lysis. A review of this work has been reported 
in a previous communication. 1 We agree that nearly all normal human 
sera undiluted or in a 50 per cent dilution prevent bacteriophage 
lysis of bacteria in liquid medium in vitro. Thei'e is some effect, per- 
manent or passing, with dilutions of 1 in 10 and 1 in 20, while higher 
dilutions are generally ineffective. 2 ' 9 Repeated subcutaneous, intra- 
muscular, and intravenous injections of bacteriophage into human be- 
ings or experimental animals may increase the phage-inhibiting power 
of their serum up to a level of complete phage inactivation. This anti- 
phage is either very much more potent than, or of an entirely different 
nature from, that found in normal individuals. 

A few authors have shown that defibrinated or citrated blood also 
may inhibit staphylococcus-bacteriophage lysis. 5 ’ c 

On the basis of these findings, investigators have been led 1o believe 
that bacteriophage is inactivated within the body. However, observa- 
tions on bacteriophage action in vivo do not fully support t his idea. 
The recovery of bacteriophage from the body is difficult to explain on 
the basis of complete phage destruction by the blood or other body 
tissues. Potent staphylococcus phage lias frequently been found in the 
exudate from a human lesion caused by staphylococci. We have isolated 
spontaneous staphylococcus phages from about f> per cent of the cases 
of acute staphyloeoeeus infections (furuncles and carbuncles) and when- 
ever we have recovered bacteriophage from a lesion it has always been 
accompanied by a susceptible organism. According to All>ce ,Q the per- 
centao-e of phage recovery may be much higher in chronic infections 
(osteomyelitis) and yet the lesions are usually filled with pus and tissue 
fluids Two of our most potent polyvalent staphylococcus phages were 
knffited from the blood stream of patients suffering from staphylococcus 
fWmm despite the fact that the blood of one such patient inhibited 
lysis by the recovered bacteriophage in liquid medium up to a dilution 

of 1 in 40. 
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It is true that bacteriophage injected intravenously cither into normal 
patients or animals can only rarely be recovered from the blood after 
24 hours. This is due in part to the excretion of phage in the urine, 
from which it can be recovered readily. However, the delay in the 
growth and the character of the colonies on blood agar plates when 
transplanted from broth blood cultures in eases of staphylococcus sep- 
ticemia suggest the continued activity in the blood, 24 to 4S hours after 
intravenous injection. Furthermore, we have found that bacteriophage 
injected locally into furuncles and carbuncles may, in some cases, per- 
sist for a week and yet the serum of one such patient inhibited phage 
lysis in high dilutions in liquid as well as on solid media. 1 

It seemed to us to be worth-while to investigate these apparent in- 
consistencies. Therefore the studies presented herewith were planned. 

EXPERIMENTAL TECHXIQUE 

The blood and serum of fifteen individuals were repeatedly examined. 
Four of these were suffering from chronic furunculosis of several 
months’ or years’ duration. Ten, classified as normal, were completely 
well but two had had occasional staphylococcus infections in the past. 
One individual had received previously twelve subcutaneous injections 
of phage in an attempt to prevent recurrent boils, and had built up 
a strong phage-inhibiting factor in the serum (antiphage). 

In the series to be presented, we studied 50, 66, and 100 per cent 
serum as well as undiluted, defibrinated, and heparinized blood. The 
serum dilutions represent the limits of the actual concentration of 
plasma in the blood. 11 Heparinized blood contained 750 units of heparin 
per cubic centimeter. 12 Citrated blood was not included in the experi- 
ments, previous work having shown that sodium citrate itself has a 
deleterious effect on bacteriophage. 

Most of the experiments were set up either with 0.9 c.e. or 1.8 e.e. 
amounts of blood or serum undiluted or diluted in saline solution, and 
0.1 c.e. of undiluted or diluted bacteriophage. A 5- to 6-hour-old Staphy- 
lococcus aureus culture in Savita, a yeast extract broth low in protein, 
diluted down to the fifth decimal dilution, was used in most of the ex- 
periments, in 0.1 c.c. amounts yielding about 100 to 500 colonies on the 
plate. 

The titer of the phage was determined by counting plaques when the 
10' 5 and 10*® dilutions were inoculated with approximately 250 mil- 
lion bacteria per cubic centimeter and 0.01 c.c. of each of these plume- 
bacteria mixtures was plated on a quadrant of a 1 per cent agar plate 
which was then incubated overnight. An estimation of the lytic ability 
of the undiluted phage was made by inoculating a quadrant of an agar 
plate, first with 0.01 c.e. of a saline suspension of bacteria containing 250 
million bacteria per cubic centimeter and then with 0.01 e.c. of the phage 
Staphylococcus-phage stock mixture S, and bacterial strain D °(a 
staphylococcus isolated from a ease of septicemia) were used for the 
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most part. Many of the experiments mere repeated with a pure strain 
of bacteriophage D'A and staphylococcus strain McA, also isolated from 
a case of septicemia. 

All experiments were carried on for 1 week at 37° C. and at room 
temperature for the remainder of the experiment. Titrations were made 
at varying intervals, sometimes as early as 3 to 6 hours, and repeated 
after 24 and 96 hours, in some experiments also after 48 and 72 hours, 
always at 7 days, and often at longer intervals up to 4 weeks. Owing 
to the long duration of these experiments and the small quantities of 
blood which we were forced to use, it became necessary, usually at the 
time of the 7-day titration, to dilute the blood and the corresponding 
savita control with 1.0 c.c. of savita broth to compensate for evaporation. 


RESULTS 


The Behavior of Bacteriophage S\ After Contact With 50 Per Cent, 
66 Per cent, and Undiluted Human Serum, and Heparinized and Bcfi- 
hrinated Blood in the Absence of Susceptible Bacteria. — These experi- 
ments were conducted with two sera (B and C) from “normal” per- 
sons who had had an occasional staphylococcus infection and two sera 
(A and D) from patients suffering with chronic furunculosis. The 
effects on phage of the undiluted sera and the 50 and 66 per cent dilu- 
tions in saline were studied by titration of the bacteriophage on solid 
medium after contact for 3 hours, 24 hours, 96 hours, and 7 days with 
0.1 c.c. of undiluted phage S, at 37° C. 

At no time throughout the experiment did we find any significant 
difference between the sera from the normal persons and the sera from 
the chronically ill patients. All dilutions showed a progressive inhibit- 
ing effect upon phage, which was most marked within the fii'st 24 hours 
and brought about complete or nearly compleic destruction of all phage 
at the end of a 7-day period. The degree of inhibition depended directly 


upon the concentration of the serum. 

Pai’allel experiments were then carried out with whole blood. Hepar- 
inized and defibrinated bloods 0 and M from “normal” individuals 
were used. Our results showed a very close similarity in the phage in- 


hibitory effect of these two bloods. The effect was slightly below that 
of 66 per cent serum. Heparinized blood produced a slightly greater 
' destruction than did defibrinated blood. The liter of phage in savita 
broth also fell during the 7-day period, the chief difference being the 
more rapid loss of titer of phage in contact with serum or blood in the 
first 24 hours. Composite curves arc shown in Pig. 1 ; individual tests 

We rlrBcJia£ of Bacteriophage in Savita Broth, in 66 Per Cent Serum , 

, . rje nnrhii'Cd and Defibrinated Blood tn the Presence of Susccp- 
andm 1 l - defibrinated and heparinized blood and 66 per 

HhlC m ^uMicnt 0 and M were studied in the presence and 
cent sci vu* 1 1 j • pj, r o shows the results obtained with 

}„ the absence of hactena. >.-• 
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blood M. Neither 66 per cent serum nor whole blood produced any 
inhibition of bacteriophage in the presence of bacteria after 24 hours. 
There was actually an increase in the titer during this period. Between 
24 and 96 hours the titer of phage remained the same, and then after 
7 days a further increase occurred in the blood. This was slightly more 
pronounced in the presence of defibrinated blood than in hepaiinized 
blood or serum. In 66 per cent scrum a very slight fall was observed. 
The results with blood 0 were similar except for the fact that in 24 
hours there was a slight drop in titer. This increased after 96 hours 
of incubation, and increased still more after t days. In the savita con- 
trol there was a fall in the titer of phage both with and without bacteria, 
although with bacteria there was an initial rise. There was the usual de- 
gree of phage 'inhibition of all three substances in the absence of bacteria. 



_ Titer of phage control in savita broth Titer of phage in 'phole heparinized 

— Titer of phage m 50 per cent seium blood 

«... Titer of phage in whole defibrmated Titer of phage in 66 per cent serum 

blood Titer of phage m undiluted serum 

Fig. 1. — Effect of undiluted, 66 per cent, 50 per cent serum, whole defibrinated and 
heparinized blood on Staphjlococcus bacteriophage in the absence of bacteria. 

To study this phenomenon in greater detail we tested nine additional 
bloods. Of these, six were taken from normal individuals, two (S and 
K) from patients suffering with chronic furunculosis, and one (J) 
from an individual who had received twelve subcutaneous injections 
of phage in an effort to prevent recurrent furunculosis. 

Undiluted Phage. — Fig. 3 shows the activity of undiluted phage S, 
containing approximately a x 10 % corpuscles per cubic centimeter in 
seven specimens of blood in the presence of bacteria. In 3 to 6 hours 
in each of the specimens there occurred a drop in titer. Then a sharp 
upward trend began, usually reaching the maximum titer in 24 to 48 
hours. In 7 days, upon the addition of 1 c.c. of savita broth, to compen- 
sate for evaporation and the amounts taken for titration, a further 
increase in phage titer was observed in two of five which were so studied. 
In three a high level was maintained from the second to the fourth week. 
The savita control also showed a drop in titer during the first 3 to 6 
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most part. Many of the experiments were repeated with a pure strain 
of bacteriophage I)' A and staphylococcus strain McA, also isolated from 
a case of septicemia. 

All experiments were carried on for 1 week at 37° C. and at room 
temperature for the remainder of the experiment. Titrations were made 
at varying intervals, sometimes as early as 3 to 6 hours, and repeated 
after 24 and 96 hours, in some experiments also after 48 and 72 hours, 
always at 7 days, and often at longer intervals up to 4 weeks. Owing 
to the long duration of these experiments and the small quantities of 
blood which we were forced to use, it became necessary, usually at the 
time of the 7-day titration, to dilute the blood and the corresponding 
savita control with 1,0 c.e. of savita broth to compensate for evaporation. 


RESULTS 


The Behavior of Bacteriophage After Contact With 50 Per Cent, 
66 Per cent, and Undiluted Human Serum and Hcf>arinizcd and Dcfi- 
hrinated Blood in the Absence of Susceptible Bacteria . — These experi- 
ments were conducted with two sera (B and C) from “normal” per- 
sons who had had an occasional staphylococcus infection and two sera 
(A and D) from patients suffering with chronic furunculosis. The 
effects on phage of the undiluted sera and the 50 and 66 per cent dilu- 
tions in saline were studied by titration of the bacteriophage on solid 
medium after contact for 3 hours, 24 hours, 96 hours, and 7 days with 
0.1 c.c. of undiluted phage S, at 37° C. 

At no time throughout the experiment did we find any significant 
difference between the sera from the normal persons and the sera from 
the chronically ill patients. Ail dilutions showed a progressive inhibit- 


ing effect upon phage, which was most marked within the first 24 hours 
and brought about complete or nearly complete destruction of all phage 
at the end of a 7-day period. The degree of inhibition depended directly 
upon the concentration of t he serum. 

Parallel experiments were then carried out. with whole blood. Hepar- 
inized and defibrinated bloods 0 and M from “normal” individuals 
were used. Our results showed a very close similarity in the phage in- 
hibitory effect of these two bloods. The effect was slightly below that 
of 66 per cent scrum. Heparinized blood produced a slightly greater 
destruction than did defibrinated blood. The titer of' phage in savita 
broth also fell during the 7-day period, Ihe chief difference being the 
more rapid loss of titer of phage in contact with serum or blood in the 
first 24 hours. Composite curves are shown in Vie. 1 ; individual tests 
Twacticallv identical. 

fhl Behavior of Bacteriophage in Savita Brolly in 66 Per Cent Serum, 
and 
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blood M. Neither 66 per cent serum nor whole blood produced any 
inhibition of bacteriophage in the presence of bacteria after 24 hours. 
There was actually an increase in the titer during this period. Between 
24 and 96 hours the titer of phase remained the same, and then after 
7 days a further increase occurred in the blood. This was slightly more 
pronounced in the presence of defibrinated blood than in heparinized 
blood or serum. In 66 per cent scrum a very slight fall was observed. 
The results with blood 0 were similar except for the fact that in 24 
hours there was a slight drop in titer. This increased after 96 hours 
of incubation, and increased still more after 7 days. In the savita con- 
trol there was a fall in the titer of phage both with and without bacteria, 
although with bacteria there was an initial rise. There was the usual de- 
gree of phage inhibition of all three substances in the absence of bacteria. 



^ Titer of phage control m savita bioth Titer of phage in vs liole heparinized 

— Titer of phage m 50 per cent seium blood 

— Titer of phage tn whole defibrinated _ - Titer of phage in 66 per cent serum 

blood ... Titer of phage m undiluted seium 

Fig. 1. — Effect of undiluted, 66 per cent, 50 per cent serum, whole defibrinated and 
heparinized blood on Staphs lococcus bacteriophage in the absence of bacteria. 


To study this phenomenon in greater detail v e tested nine additional 
bloods. Of these, six were taken from normal individuals, two (S and 
K) from patients suffering with chronic furunculosis, and one (J) 
from an individual who had received twelve subcutaneous injections 
of phage in an effort to prevent recurrent furunculosis. 

Undiluted Phage — Fig. 3 slums the activity of undiluted phage S, 
containing approximately 5 x 10 s corpuscles per cubic centimeter in 
seven specimens of blood in the presence of bacteria. In 3 to 6 hours 
m each of the specimens there occurred a drop in titer. Then a sharp 
upward trend began, usually reaching the maximum titer in 24 to 4S 
hours. In 7 days, upon the addition of 1 c.c. of savita broth, to compen- 
sate for evaporation and the amounts taken for titration, a further 
increase in pliage titer vas observed in two of five which were so studied. 
In three a high level was maintained from the second to the fourth week. 
The savita control also showed a drop in titer during the first 3 to 6 
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hour period and an increase in 24 hours. Upon further incubation there 
was a definite downward trend which continued and was slightly or in 
no way affected by the addition of 1 c.e. of fresh savita on the seventh 
day. 

Phage Diluted 100 and 1000 Times. — Fig. 4 shows the activity of a 
10~ 2 dilution of phage, S 1; in the presence of bacteria in nine specimens 



A. Phage in savita 

B. Phase in 66 per cent serum 

C. Phage in heparinized blood 
£>. Phase in deflbnnated blood 


A'. Phase in savita with bnctena 

B'. Phase in 66 per cent serum with bac- 
teria 

C'. Phage in heparinized blood with bac- 
teria 

D'. Phage in deflbnnated blood with bac- 
teua 


Fig. 2.—The effect of 66 per cent seutm M, w-liole deflbnnated and hepuinlzcd 
blood M on Staph? lococcus phage Si after 21 boms, 06 hours, and 7 iku' incubation In 
the presence and absence of fifty susceptible organisms per cubic ccntiinetci 
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blood there was a definite multiplication of bacteriophage. In one of 
these four bloods the phage reached the original titer, that is, it, multi- 
plied 1000 times in 24 hours. In four other bloods the titer continued 
to rise after 24 hours. When 1 c.e. ot savita was added to the tubes 
on the seventh day of incubation the titer often continued to increase. 
In those cases which reached a high titer the bacteriophage maintained 
this level for at least 4 weeks, the duration of the experiment. In three 
bloods a gradual decrease of the phage titer occurred so that within 1 
week all traces of phage had disappeared and the addition of savita on 
the seventh day failed to revive them. 



Fig. 4. — Titer of 10-= dilution of Staphylococcus phase Si propagated in detlbrinated 
bloods O, K, P. R, B, D, E and X in the presence of bacteria. 


In one blood (E) the bacteriophage seems not to have multiplied at 
all, but it did not disappear upon incubation. 

The corresponding control of 10' 2 dilution of phage in savita readied 
its maximum titer within 24 hours. After this time the liter steadily 
decreased and phage disappeared in spite of the addition of a fresh 
savita inoculum on the seventh day. 

Bacteriophage S, in a dilution of 10~' was propagated at the expense 
of a small number of bacteria in five specimens of blood. In four of 
these specimens all evidence of phage disappeared in 3 to 48 hours. 
Only in one blood was there a definite indication of bacteriophage multi- 
plication. The phage controls in savita behaved similarly to those in a 
dilution of 10~ 2 . 

Effect of VndUutcd Blood on Bacteriophage in the Presence of Dif- 
ferent Amounts of Bacteria. — In this experiment a series of four tubes 
with 0.9 c.e. of heparinized blood plus 0.1 e.c. of phage were inoculated 
with 100, with 10,000, with 1,000,000, and with 200,000,000 bacteria 
respectively, all being suspended in 0.1 e.e. of savita. Four tubes of 
savita broth plus phage suspensions were inoculated with bacteria in a 
similar way as controls. 
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hour period and an increase in 24 hours. Upon further incubation there 
was a definite downward trend which continued and was slightly or in 
no way affected by the addition of 1 c.c. of fresh savita on the seventh 
day. 

Phage Diluted 100 and 1000 Times. — Pig. 4 shows the activity of a 
10 dilution of phage, S,, in the presence of bacteria in nine specimens 
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A. Phase in savita A'. Phage in savita with bacteria 

B. Phage in 66 per cent serum B'. Phage in 66 per cent serum with bac- 

teria 

C. Phage in heparinized blood C'. Phage in heparinized blood with bac- 

. teria 

D. Phage in deflbrinated blood D'. Phage in defibrinated blood with bac- 

teria 

Fig. 2. — The effect of 66 per cent serum M, whole defibrinated and heparinized 
blood M on Staphylococcus phage Si after 24 hours, i)(i hours, and 7 days' incubation in 
the presence and absence of fifty susceptible organisms per cubic centimeter. 
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before there can be any time for the development of immunity and be- 
fore any antibacterial substances can be demonstrated. With regard 
to bacterial dissociation the question arises whether dissociation can 
take place without associated bacterial lysis. This factor cannot be 
ruled out. Increased lcueocytosis and phagocytosis may take place but 
this is not a striking feature of patients who recover, nor is a falling 
leucocytic count indicative of a bad prognosis. 

The studies presented above indicate that the possibility of bacterial 
lysis and propagation of bacteriophages in vivo must be given further 
consideration. We have obtained potent spontaneous bacteriophages 
from the blood of patients with staphylococcus septicemia before the 
injection of our stock bacteriophage. We have obtained phage from 
the urine after intravenous injection. We have occasionally found 
phage in pus, which yielded no bacterial growth, 24 hours after local 
instillation of stock phage into local lesions. These observations in addi- 
tion to the above data would seem to support the belief that phage may 
at times propagate and produce lysis in vivo. 

There is evidence that every specimen of human blood is capable of 
destroying a certain number of bacteriophage corpuscles. Knowing that 
0.1 c.c. of 10- 4 dilution of phage in 0.9 c.c. of blood contains approxi- 
mately five times 10* 4 bacteriophage corpuscles we can conclude that 
many bloods are capable of destroying this number of phage corpuscles; 
some bloods seem capable of destroying an even higher number. 

The dearest picture of the effeet of blood on phage is obtained with 
the 10" 2 dilution because it brings out the difference between the in- 
hibiting power of different bloods. This test might be used to indicate 
which bloods will permit and which will prevent the multiplication of 
phage, and in what eases very large doses of phage are indicated thera- 
peutically. 

In contrast to this, when undiluted phage is used the number of 
phage corpuscles which survive are able to propagate in every specimen 
of blood. This suggests that provided a sufficiently large amount of 
potent bacteriophage is injected intravenously, there will be a certain 
number of corpuscles which will escape any deleterious effeet of blood 
and will begin to multiply. The same should hold true in cases of local 
lesions caused by staphylococci. 

In the presence of blood or serum the optimum ratio for lysis of 
phage corpuscles to bacterial cells may change because the blood or 
serum may either favor or retard the growth of the bacteria or favor 
or retard the lytic action of the phage. 

The deterioration of bacteriophage in vitro is a phenomenon of con- 
siderable practical importance. Not until some way is found invariably 
to develop potent phages and to maintain the potency over a long period 
of time can we expect effective phages to be prepared commercially 
and used extensively. Researches in this direction are being carried 
on and will be reported in subsequent papers. 
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itvatimis were carried out at va vying periods of time from 24 hours 
to 25 days of incubation. The blood containing 100 bacteria per cubic 
centimeter gave a higher count than that which contained a «reafer 
number of bacteria. On the other hand, the titer of phage propagated 
in savita was the highest when propagated at the expense of 200 million 
bacteria and lowest in the presence of an inoculum of 100 bacteria per 
cubic centimeter. Pig. 5 shows the titer of phage S, propagated in blood 
and savita at the expense of 100 bacteria and 200 million bacteria per 
cubic centimeter respectively. These experiments were repeated with the 
same result with other specimens of heparinized and defibrinated blood. 



_ bloods 

.BLOOD L 


— ^SAVIWL 
'-..SAVITA S 


I if I 
WEEK 5 


— Blood S. No. = 100 bacteria per c.c. Santa S. No. = 100 bactciia per c.c. 

...Blood L. No. = 200 million bactciia Santa 1>. No. = ZOO million bncteiln 

per c.c. per c.e. 

Fig. 5. — Effect of whole blood on Staphylococcus phage in the presence of diffcient 
amounts of bacteiin. 


DISCUSSION 


Most workers in the field of bacteriophage accept the reported ob- 
servations that blood inactivates phasic or prevents its lytic action and 
have assumed, therefore, that the clinical benefit seen following bacter- 
iophage therapy in cases of bacterial infection cannot be due to bacterial 
lysis in vivo. Such an opinion is expressed by Krueger and Scribner 
in their recent review of the bacteriophage problem.* 3 They state this 
rather emphatically and say that if bacteriophage is of any benefit in 
such cases the explanation will have to lie found in one or more of the 
other possibilities, namely (1) increased leueoeylosis and phagocytosis, 
(2) bacterial dissociation with avirulent progeny, (3) the* stimulation ol 
antibacterial immunity of a specific or nonspecific nature or (4) protein 


shock. 

Our experience with hactci iophasre in the treatment of .staphylococcus 
septicemia would seem to cast doubt upon items (4) and (3) because 
J have propagated our phage in snv.li. medium, uiueh is practical y 

" e ‘ J i ipPloin see an v reaction indicative ot protein shock. 
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5. Phages propagated in t lie blood at the expense of 100 bacteria per 
cubic centimeter reached a higher titer than did phages propagated in 
the blood at the expense of 200 million bacteria. This was contrary to 
the behavior of phage when propagated in savita. 

6. When 10‘ 4 dilutions of phage containing an average of 5 x 10 4 
corpuscles per cubic centimeter were incubated in blood in the presence 
of susceptible bacteria, a complete inactivation of phage within 3 to 48 
hours took place in most of the tested bloods. 

7. Thus, the survival and lytic power of phage in blood probably 
depends to a considerable degree on the concentration of phage cor- 
puscles. If this number exceeds the amount which the blood can destroy, 
multiplication of phage in the blood may subsecjuently take place. 

8. The use of staphylococcus phage in dilution 10“ 2 containing an 
average of 5 x 10* corpuscles in blood in the presence of susceptible 
bacteria makes it possible to distinguish between those bloods which will 
and those which will not allow the multiplication of phage corpuscles. 

9. On the basis of these experiments we believe that multiplication 
of phage takes place in blood and other body fluids in vivo provided 
that a sufficiently large amount of potent phage is used. 

We wish to express our appreciation for the technical assistance of Miss Catherine 
Capraro ami Miss Olga Mordvin. 
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Physical examination at the time of the patient’s admission to the hospital 
showed that she was well developed and well nourished. She was suffering rather 
severe pain. The temperature was normal, the pulse rate was S4, and the ldood 
pressure was 174 systolic and 108 diastolic. The heart was of normal size, but a 
blowing systolic murmur was heard over the entire precordium. There was gen- 
eralized tenderness over the abdomen, with the maximum tenderness in the right 
upper quadrant, just below the costal margin. The white blood cell count was 
27,700, with 7.'! per cent polymorplionuelears, 5 per cent staff forms, 8 per cent 
lymphocytes, and 14 per cent monocytes. The blood cholesterol value was 147 nig. 
per hundred cubic centimeters, and the icteric index was (5.0. Twelve hours after 
admission the white blood cell count was 29,000. 



FIs’. 1. — Gross specimen of infarction of the gall bladder. 

A clinical diagnosis of acute cholecystitis was made, and on Match 27 cholecys- 
tectomy was done. The abdomen was opened by a right rectus incision, and an 
enormously distended gall bladder was immediately piesented. For the most part 
it was a blackish brown, and at one point a small tag of omental tissue was liglitlv 
adherent. The gall bladder was quickly removed from the fundus downward the 
cystic duct and the cystic vessels being ligated separately. The wound was closed 
in layers around a cigarette drain. 

The postoperative course was satisfactory, except for a persistently rapid pulse 
rate, until March 30, the third postoperative day, when the patient began suddenly 
to complain of palpitation and clammy perspiration. Examination revealed u 
grossly irregular cardiac rhythm, with the apical rate 120 to 160 and the radial 
rate 90 to 100, a pulse deficit of 20 to GO. An electrocardiogram made at this time 
was characteristic of auricular fibrillation with a rate of 250. Treatment with 
digitalis was started immediately but was discontinued after several hours be- 
cause of the advent of ventricular extrasystoles. Quinidinc was given and the 
pulse became regular, but this medication also had to be stopped, in this case be- 



INDUCTION OF THE GALL BLADDER 
Fki:i»x:uh’k Christopher,® AT.!)., E. L. Benjamin, t M.D., and 

1°. K. fioWDY, M.l)., WlNNKTKA, ILL. 

AXCUKXh of t ho g;ill bladder without infection and due to in- 
' kJL tare I ion is uncommon. In 1020 Vest 1 reviewed eighty eases of 
iruiigwm* of (lie trail bladder, not including; the sixty eases reviewed 
by Baumgartner of the Mayo Clinic. Vest listed the following causes 
of gangrene of the gall bladder: (1) infection; (2) edema of struc- 
tures adjacent to the cystic vessels; (3) stones plus infection and pres- 
sure; (4) mechanical factors, including (a) torsion, (b) angulation of 
the cystic duet hv distention, (c) glands or tumors, (d) embolism or 
thrombosis of the cystic ducts (no proved case) and (e) distention 
spasm, Mark 1 reported four cases of gall bladder infarction. In two 
of these there was arterial change, and in two there was venous throm- 
bosis. Mark described five varieties of vascular disturbances and said 
he believed that arteriosclerosis is an etiologic factor. 

As Judd and "Waldron 4 have pointed out. there is no accurate guide 
to the diagnosis of gangrene of the gall bladder. There may be marked 
tenderness and rigidity in the right upper quadrant, but the symptoms 
may be mild. 

CASE REPORT 


A widow. 50 years of age, was admitted to the Evanston Hospital on March 26, 
1042. For thirty-two hours she had suffered from continuous pain in the right 
upper quadrant. Several hours after the onset of the pain she began to have 
nausea and vomiting. 


The past history was not significant except for the preceding six weeks, during 
which time she was under treatment by an osteopath for “sciatica” and multiple 
joint pains. Large doses of enipirin compound were taken during that period. 
Before entrance to the hospital the patient was seen twice at her home, the first 
rime being twelve hours after the onset of generalized abdominal discomfort with 
slowlv increasing nausea. The temperature was 9S.4° F,, the pulse rate was SG, 
and the blood pressure was 176 systolic and 10S diastolic. Examination showed 
moderate generalized abdominal tenderness and a nodular fender mass the size 
of an orange in the lateral portion of the right upper quadrant just below the 
■ostil margin Noted also was a patchy vesiculopapular eruption on the palms 
L / napular purpuric eruption on the inner aspects of the soles, these lesions 
started four or five weeks before. Six hours later all the symptoms were 
• vomiting of bile had occurred twice, the temperature was 99° F„ and 

increased, Yonn *■ , smoother, and more tender. The clinical diagnosis 

‘ llC Tnflanunntorv tumor of the right upper quadrant of uncertain origin, hyper- 
was innau . - anfl dermatitis medicamentosa from emptrin compound. 

— f Qnrppir Northwestern University Medical School; Chief 

•Associate Professor of SurgOT , 

Surgeon, Evanston^ (Imj ^pathology, Northwestern University Medical School: 


sms™' „ 0 f Pathology, 

fAssistant Frofe--°r . Hosp ;t n i, 

^ Received formiblication. June 4. ««■ 
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Physical examination at tlic time of the patient’s admission to the Jiospital 
showed that slie was well developed and well nouiished. She was suffering rather 
severe pain. The temperature was normal, the pulse rate was 84, and the blood 
pressure was 174 systolic and 10S diastolic. The heart was of normal size, but a 
blowing systolic murmur was heard oxer the entire precordium. There was gen- 
eralized tenderness over the abdomen, with the maximum tenderness in the right 
upper quadrant, just below the costal margin. The white blood cell count was 
27,700, with 72, per cent polvmorphomicleais, 5 per cent staff forms, 8 pei cent 
lymphocytes, and 14 per cent monocytes. The blood cholesterol value was 147 mg. 
per hundred cubic centimeters, and the icteric index was G.9. Twelve hours after 
admission the white blood cel! count xvas 20,000. 



Fig. 1. — Gross specimen of infarction of the gall bladder. 

A clinical diagnosis of acute cholecystitis was made, and on March 27 cholecys- 
tectomy was done. The abdomen was opened by a right rectus incision, and an 
enormously distended gall bladder was immediately presented. For the most part 
it was a blackish brown, and at one pornt a small tag of omental tissue was liglitlv 
adherent. The gall bladder was quickly removed from the fundus downward, the 
cystic duet and the cystic x es c els being ligated separately. The wound was closed 
in layers around a cigarette drain. 

The postoperative course was satisfactory, except for a persistenth' rapid pulse 
rate, until March 30, the third postoperative day, when the patient began suddenlv 
to complain of palpitation and clammy perspiration. Examination revealed a 
grossly irregular cardiac rhythm, with the apical rate 120 to 160 and the radial 
rate 90 to 100, a pulse deficit of 20 to 60. An electrocardiogram made at this time 
was characteristic of auricular fibrillation with a rate of 250. Treatment with 
digitalis was started immediately but was discontinued after several hours be- 
cause of the advent of ventricular extrasystoles. Quinidine was given, and the 
pulse became regular, but this medication also had to be stopped, in this case be- 
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(huso of UHusoiit llowevci, iibi illnt ion dul not locur. An elect locardiogi am nuidc 
on Apiil 2 lovonlod sinus mechanism iufoiiu|ito(I occasionally by ectopic nodal and 
vent l iculnr bouts. The eon\ nlosconco was uneventful Jrom Hint time on, and the 
patient was discharged from the hosjiital on Apiil 12, the sixteenth postoperative 
day. The subsequent eouise lias been satist'actoiy. 

The report on the pathologic specimen was as follows; 

Gio\s D(sniptwn . — The nail bladder was huge, weighing 5S0 Gin. and measur- 
ing l(i cm. in length. Twenty-one miUimoteis of cystic duct were attached. The 
external circumferences weie as follows: corpus, 20 cm.; fundus, 2.3.5 cm.; and 
nook, 32 cm. The hepatic surface mensuied 12 by S cm. Most of the free serosa) 
suifneo was smooth and light to daik red, but the corpus and neck weie covered 
with an oblique strand of fatty adhesions attached for a distance of 11 cm. and 
meastiiing 3 cm. in length. The lumen contained 200 ml. of dark gieen bile, 300 
(by actual count) faceted cholesterol stones up to 12 mm. in diameter, and mj-riads 
of smaller eoneietions 1 to 2 mm. in diameter. The dark red wall varied in width 
from .'! to 10 nun. The serosa and mucosa separated spontaneously when the 
gall bladder was opened. The dark green mucosa was smooth except for several 
submucosal linear strands. 2Co infection or ulceration was noted. 

Microscopic Description . — The various sections showed piacticaliy no viable struc- 
tures. The wall wtis converted into a swollen, pale pink, ghostlike structure with 
linear rones of polymorphonuclear lctieoc 3 'tes beneath the seiosa. There was ex- 
tensive erythrocytic extravasation throughout. There was no involvement of the 
cystic artery. The cause of the infarction could not be determined from exami- 
nation of the specimen. 

Diagnosis . — Hemorrhagic infarction of the gall bladder; cliolecystolithiasK 
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FAILURE TO RECOVER SULFONAMIDES FROM GALL 
BLADDER BILE IN DOGS WITH CYSTIC 
DUCT OBSTRUCTION 

David Lynx, M.D., Detroit, Alien., George S. Bergh, M.D.,' axd 
Wesley W. Spink, M.D., Mixxeapolis, Mixx. 

(From the Departments of Suiyeiy and Internal Medicine, University of 
Minnesota Hospitals) 

I T HAS been demonstrated that sulfonamides aie excreted in the bile 
in man and in certain laboratory animals, 1 ' 4 ’ r ’’ B ’ B and there is clinical 
evidence that these drugs exert a beneficial effect in some biliary tract 
infections. 1 ’ 4 ’ s On the other hand, in many eases of biliary tract 
disease there is no benefit from the drugs, and, as Watson and Spink 10 ’ 11 
have shown, hepatic injury actually may be produced, particularly after 
the administration of sulfanilamide. In our clinic, observation of sev- 
eral patients with acute obstructive cholecystitis has indicated that the 
administration of sulfonamides in such cases does not alter the course 
of the disease. Therefore, it is desirable to learn whether obstruction 
of the cystic duct prevents these drugs from entering the gall bladder, 
or whether they can reach the gall bladder bile through the vesical wall. 
This study was undertaken to secure information regarding that ques- 
tion. 

METHOD OF EXPERIMEXTATIOX 

The experiments were carried out upon twelve healthy adult dogs. 
Under ether anesthesia and with aseptic surgical technique the cystic 
duct was isolated and ligated without injury to the blood supply of the 
call bladder. The following day, when the animal had recovered from 
the operation, one of the sulfonamide drugs was administered by mouth 
(sulfanilamide, sulfathiazole, and sulfadiazine were used). In some 
cases the drug was administered in a single dose, in other instances in 
divided doses (see Tables I and II). The animal was sacrificed later, 

Table I 


HOG 

NO. 

\\ EIGHT 
(KG.) 

DRUG 

DOSE* 

SULFON \MIDE 
IN GALL 
BLUJDER BILE 

GROSS APPEAR- 
ANCE OP 
GALL BLADDER 

MICROSCOPIC 
appearance of 

GILL BLADDER 

in 

ii 

Sulfanilamide 

1 dose 

8 Gm. 

None 

Normal 

Noimal 

115 

13 

Sulfathiazole 

1 dose 

8 Gm. 

None 

Normal 

Normal 

117 

1G 

Sulfadiazine 

1 do<*e 

8 Gm. 

None 

Norma] 

Normal 

•Sacrificed seven hours after drug nas administered. 


•Captain in U. S. Army with U. S. General Hospital Xo. 26. 
Received for publication Tuly 29, 1942. 
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and the level of the sulfonamide in the gall bladder bile and in the 
venous blood was determined. Doubilet’s method of analysis, as de- 
scribed by Carryer and Ivy , 3 was used for the bile, and the procedure 
of Marshall and Litchfield 7 was used for the blood. The gall bladder 
wall was examined grossly and microscopically to dismiss the possi- 
bility of dist urbance of the blood supply. 

RESULTS 

In each case, examination of the dog at the time of completion of the 
experiment showed that the ligature obstructed the cystic duct without 
interfering with the blood supply of the gall bladder. Gross and micro- 
scopic examination of the gall bladder wall confirmed the fact that its 
blood supply had not been disturbed. Sulfonamide was not found in any 
of the specimens of gall bladder bile (see Table II), in spite of high 
blood levels. In these experiments, obstruction of the cystic duct pre- 
vented sulfanilamide, sulfathiazole, and sulfadiazine from entering the 
gall bladder. 


SUMMARY 

It is well known that the sulfonamides are excreted in the bile in man 
and in animals. Furthermore, Bettman and Spier 2 have demonstrated 
that these drugs are concentrated in a gall bladder which functions nor- 
mally. Our experiments show that sulfanilamide, sulfathiazole, and 
sulfadiazine do not enter the gall bladder of the dog when the cystic 
duct is occluded. They do not pass through the wall of the vesicle to 
reach the gall bladder bile. 
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Casi 2 — A. P, a 14 a o.u old (oloied male, was admitted to the suigieal semcc 
iiitli a iluef complaint of alidoimnal pain Tlnee daj- i>iioi to admission the boj 
began to expeneme < i.mqn pain in the niiibiliia) legion This was associated Auth 
nausea but not a omit mg. On the (bn of onset ol the abdominal pain the patient 
had scAeial loose bond nioACinents. 

Plnsioal e\aminatioii nas essentially negatne e\cept tor the abdominal findings. 
The abdomen nas symmetrical; tlieie nas tendeiness .n the right lonei quadrant. 
There nas no ngidity. 

Tlieie were 10,100 white blood cells, 72 per cent poll morphonuclears, 12 pei cent 
1a mpliocy tes, 0 per cent monocytes, and 10 pei cent eosmophiles Despite the 
absence of rigidity tlie patient was placed on suigital liquids and prepared for 
evploiatoiy lapatotomy. In the mteum typical uiticarial wheals appeared. Tliese 
wheals and the abdominal si mptoms lesponded promjitlv to the administration of 
epliedi me. 

Questioning then reiealed that the patient had iceeived antito\m for a laceration 
of his hand the prewous day. It maj be assumed, theieforc, that the patient suffered 
iiom an accelerated seium reaction. 


DISCUSSION 

To gam an understanding of present concepts oi serum sickness, it is 
necessaiy to look back to the work of Riehcl 3 and his collaborators that 
was done at the turn of the piesent century. Ricliet, while sojourning 
on the a acht ot the Piince of Monaco m the Indian Ocean, undertook 
the study oi the indicating principle of the Portuguese man of lvai, a 
\aiiety of sea nettle or stinging jelly fish. He considered the urticating 
pnnciple a toxin and injected into dogs extiacts made from these nettles. 
To his sui prise he tound that although the first injection was harmless, 
the second injection made some daj s later provoked severe, and at times, 
fatal reactions He considered that the first injection removed the 
animal’s natuial immunity to this toxin, lienee a state of anaphylaxis 
existed This was not the correct explanation; it ivould have remained 
an academic question, however, had not the introduction of diphtheria 
antitoxic sera by Aon Behring 3 produced m liumans a state strikingly 
parallel to the anaphylactic animal. 

A completely satisfactory explanation of serum sickness eludes us 
e\cn today L’eitain facts, however, are known , thus, durnig and follow- 
ing seium disease induced by the injection of immune animal serum, 
en eulatmg antibodies may be found m the blood. These antibodies are 
not constant but \aiy quantitatn ely and qualitatively in different cases 
Thcj include piecipitans (anaphylactic antibodies), heterophile anti- 
bodies, and atopic reagms Preeipitms aie frequently found m the blood 
ot human beings following the administration of immune animal seium 
but such preeipitins may occur without the development of serum disease' 
Fiutheimoie, they are regularly absent in the blood of patients treated 
with noimal hoise serum eien m the presence of typical serum sickness 
( Hai ten and Walter 4 ). Atopic reagins (Prausmtz-Kustner or sldn- 
sensiti/ang antibodies) occur frequently but by no means regularly fol- 
lowing the administration of therapeutic serum. Heterophile antibodies 



SERUM 81 OK X ESS SIMULATING ACUTE 
ABDOMINAL disorders 

' ixeu.vr J. Dumps, M.D., axd Fraxcis E. Bkuxo, M.D., 

Ni:\v Orleans, La. 

(Funn the Dcpaiimrnt of Medicine, School of Meiheme, Tulanc University and 
Chanty Hospital of Louisiana) 

O I'j\ URL jilxloniiunl pain, as Dukt* 1 iias aptly pointed out, is a svmp- 
_ ( °m which is never taken lightly by a careful physician. It often 

indicates a severe illness; in tael, it often indicates an emergency. IIow- 
e\e). abdominal pain which may simulate in some lespccts the pain 
caused by severe abdominal disease is occasionally the result of hyper- 
sensitiveness to a foieign serum. Abdominal pain sometimes occms 
without other manifestations ot serum sickness, or rather, it may be the 
.sole striking symptom of serum allergy. In such a ease, the real cause 
ot the pain may not be apparent and an error in diagnosis can easily be 
made. Although cases have been reported in which an allergic state 
has simulated the acute abdomen, these have been due to ingestants, and 
we have been able to find none in which the responsible agent was 
parcnterally administered prophylactic or therapeutic sera. In view 
of the increasing use of such sera in civ il as well as military life it is 
felt that the recognition of the abdominal features of serum sickness will 
become of progressively greater importance. 

Our illustrative cases have been selected from a larger number and 
represent typical histories of patients who have abdominal pain as the 
outstanding symptom of scrum hypersensitivity. 


CASE REPORTS 

Cask 1. C. H., a 17 jeai old colored male, a as admitted to the observation vv.ud 

8 ta ting that ho had been seized with a seveie abdominal pain two hours pieviously. 
There 'was no nausea, vomiting, oi loose stools There had been no previous history 
of indigestion. Physical examination icvealed geneializcd rigidity of the abdomen. 
The temperature was 100° F. There were 0,500 white blood cells, 91 per cent 
ncutrophilos and 9 pei cent small monocytes. The urine was negative. The possi 

I l,tv of a pei f oi a ted viscus was entertained and the patient was \ rayed to rule 
“ 1 ‘ t ‘ The pmn was so exeiuciatmg that although % gr. moiplua had been 

II ministered to relieve appielvension, severe discomfort necessitated the admimstra 

a second dose of the drug. The patient was p.epared for opeiabon. An ice 
am, Hod to the abdomen and the patient was kept m the observation room 
cap was apt Q , cIock m tlie morning it was noticed that the patient had a 

overnight. A aw0CultC(1 wlt h marked itching. It was then learned that he 

generalized ult • _ geiu n , fol n dog bite three days pieviously. Tlie uiticarm 

had received ^ on ‘ ed tlie adnnmstiation of epmephune and the application of 

calamme lotion. 

Received for publication. July 2. M« 



DERBES AND BRUNO: SERUM SICKNESS 


453 


strongly to the addition of the antigen. The gall bladder contracted 
during shock but the sphincter contracted to a greater extent, thus no 
emptying occurred. Hence we have a type of biliary colic on a dyskinetic 
mechanism. Couvelairc and Bargcton 1 ' sensitized dogs to horse serum 
by intravenous administration; on re-exposure to the antigen by injec- 
tion of serum into the duodenopanereatic vein and directly into the 
pancreas itself, although no general shock resulted, an immediate local 
persistent edema of the pancreas became apparent. When the animal 
was sacrificed the next day the peritoneal cavity was found to contain 
serosanguineons fluid and on the omentum were several whitish areas 
having the appearance of fatty necrosis. The pancreas was edematous 
and contained multiple hemorrhages. One cannot but he struck by the 
similarity of these lesions to those found in acute hemorrhagic pan- 
creatitis. It is well known that in about one-half the cases a stone in 
the ampulla of Vater leads to a diversion of bile into the pancreatic- 
ducts. According to Bloomfield 10 no anatomic reason for entry of ab- 
normal material into the pancreatic ducts can be demonstrated in main- 
instances. We suggest that these cases of acute hemorrhagic pancreatitis 
may represent a fulminating type of allergic reaction. 

Granted that these lesions may be demonstrated in the experimental 
animal, the question may fairly be asked whether similar conditions 
have been observed in the human being. Speaking of the gastrointestinal 
tract in angioneurotic edema, Osier 17 stated that ten of his patients had 
colic; he considered that the nature of the local trouble was known, as 
exploratory operations confirmed his view that it was an edema of the 
wall of the bowel. In a case reported by Morris , 16 in -washing out the 
stomach to relieve the severe vomiting, a portion of the mucosa was re- 
moved and on examination was found to be in a state of acute edema. 
Osier described the colic of intestinal angioneurotic edema with great 
clarity. In his experience it came on suddenly and often reached an 
extreme grade. As a rule it occurred witli the skin manifestations, but 
at times it was the only feature, and often there was no clue as to the 
nature of the trouble. In the majority of cases the pain was central 
more or less continuous with paroxysms of greater intensity. The patient 
tended to roll about in bed or be doubled up in an agony of pain. The 
abdominal walls were tense; appendicitis, gallstone, or renal colic were 
suspected and in a considerable number of his cases laparotomy was per- 
formed. In severe attacks vomiting occurred with the pain and lasted 
many hours. The patient looked very ill, with pallor, small pulse, and 
features of collapse; at the end of ten or twelve hours the symptoms 
often disappeared, an outbreak of local edema giving a hint concernin'* 
the diagnosis. He noted that with gastric symptoms and colic there 
sometimes occurred diarrhea, meteorism, and even the passage of blood. 

A ease reported by Bogart 10 is of especial interest. The patient 
presented the picture of a very severe illness requiring operative relief. 
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(hemolysins and agglutinins lor .sheep red blood cells) occur in the blood 
niter serum has been given. An analysis of all the available data still 
lads to reveal a constant association of any type of antibodies with 
serum sickness. One is compelled to conclude with Harten and Walzer 
lhal the mechanism of serum sickness cannot be correlated with any of 
the antibodies which have thus Jar been detected in this condition. In- 
deed tinea's" theory that the symptoms of serum disease are due to 
specific altered reactivity ol the protoplasm of some of the body cells 
which is not mediated by antibodies has not yet been controverted. 

Perhaps the major phenomena of serum sickness are due, as Foshay 
and Ilagebusch 1 ' suggest, to a release of histamine or a histamine-like 
substance into the circulation consequent on the union of serum protein 
antigen and antibodies. Certainly the brilliant experimental work of 
Katz- demonstrates clearly that histamine is intimately concerned with 
the production of the allergic slate; many gaps in our knowledge of the 
exact role of histamine (or similar substances) remain to be filled in. 
Regardless of the precise nature of the underlying mechanism, the 
pathology of the allergic or anaphylactic state seems to be fairly well 
agreed upon. Contraction of smooth muscle, capillary dilatation with 
edema, and diapedesis of red cells (which may progress to hemorrhage) 
and eosinophilic infiltration in one or another combination produce the 
signs and symptoms which are recognized clinically and experimentally. 

It is not clear why certain tissues or organs should be affected in serum 
disease to the exclusion of others ; it is known, however, that they may 
he locally sensitized or more highly reactive than others. That this local 
sensitivity was on a cellular rather than a Immoral basis has been demon- 
strated by experimental work. Friedmann 8 and Otto 0 as well as Doerr 10 
showed that in the process of passive sensitization, in which the blood of 
a sensitized guinea pig is transferred into a normal nonsensitive guinea 
pig-, ti ie latter does not become sensitized until after an interval of at 
le^st four hours. Indeed, twenty-four to forty-eight hours must elapse 
before maximum passive sensitization has been accomplished. This 
interval is required presumably for the antibodies to be firmly attached 
to the tissue cells (Vaughan 11 ). Schultz 12 found that if, after the first 
injection of foreign serum, a long enough interval elapsed, intestinal 
muscle would show a supranormal degree of irritability toward the 
same serum After washing strips of sensitized intestinal smooth muscle 
free from blood he found that contact with the specific antigen caused 
„ anaphylactic response with muscular contraction. Dale 10 improved 
T, the Schultz technique, developing the uterine strip method which 
Z s since become a routine procedure in the study of sensitization 

. nrtipr abdominal viscera may partake of the general sensitization 

That othe < the j ns t a nce of the gall bladder by Deissler 

has been demons . ^ isoJated w ] 10 lc gall bladders from guinea pig s 


and Higgms. ‘ seruin a nd egg white were found to react 

7-irAviously sensitized w 
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strongly to tlic addition of the antigen. The gall bladder contracted 
during shock but the sphincter contracted to a greater extent, thus no 
emptying occurred. Hence we have a type of biliary colic on a dyskinetic 
mechanism. Couvelaire and Bargeton 15 sensitized dogs to horse serum 
by intravenous administration; on re-exposure to the antigen by injec- 
tion of serum into the duodenopancreatic vein and directly into the 
pancreas itself, although no general shock resulted, an immediate local 
persistent edema of the pancreas became apparent. When the animal 
was sacrificed the next day the peritoneal cavity was found to contain 
serosanguineous fluid and on the omentum were several whitish areas 
having the appearance of fatty necrosis. The pancreas was edematous 
and contained multiple hemorrhages. One cannot but be struck by the 
similarity of these lesions to those found in acute hemorrhagic pan- 
creatitis, It is well known that in about one-half the cases a stone in 
the ampulla of Vater leads to a diversion of bile into the pancreatic 
ducts. According to Bloomfield 10 no anatomic reason for entry of ab- 
normal material into the pancreatic ducts can be demonstrated in many 
instances. We suggest that these cases of acute hemorrhagic pancreatitis 
may represent a fulminating type of allergic reaction. 

Granted that these lesions may be demonstrated in the experimental 
animal, the question may fairly be asked whether similar conditions 
have been observed in the human being. Speaking of the gastrointestinal 
tract in angioneurotic edema, Osier 17 stated that ten of his patients had 
colic; he considered that the nature of the local trouble was known, as 
exploratory operations confirmed his view that it was an edema of the 
wall of the bowel. In a case reported by Morris , 18 in washing out the 
stomach to relieve the severe vomiting, a portion of the mucosa was re- 
moved and on examination was found to be in a state of acute edema. 
Osier described the colic of intestinal angioneurotic edema "with great 
clarity. In his experience it came on suddenly and often reached an 
extreme grade. As a rule it occurred with the akin manifestations, but 
at times it was the only feature, and often there was no clue as to the 
nature of the trouble. In the majority of cases the pain was central, 
more or less continuous with paroxysms of greater intensity. The patient 
tended to roll about in bed or be doubled up in an agony of pain. The 
abdominal walls were tense; appendicitis, gallstone, or renal colie were 
suspected and in a considerable number of his eases laparotomy was per- 
formed. In severe attacks vomiting occurred with the pain and lasted 
many hours. The patient looked very ill, with pallor, small pulse, and 
features of collapse; at the end of ten or twelve hours the symptoms 
often disappeared, an outbreak of local edema giving a hint concerning 
the diagnosis. He noted that with gastric symptoms and colic there 
sometimes occurred diarrhea, meteorism, and even the passage of blood. 

A case reported by Bogart 19 is of especial interest. The patient 
presented the picture of a very severe illness requiring operative relief. 
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The abdomen having been opened, the jejunum ivas found lo be quite 
swollen and edematous. This swelling and edema extended up to the 
point where 1 lie intestine passed beneath the mesentery and was so pro- 
nonneed as to produce a stiffening of the intestine sufficient to prevent 
peristalsis; when grasped between the forefinger and thumb the intestine 
was apparently at least one inch in thickness. Evidently the lumen 
was almost it not entirely occluded. The patient gradually convalesced 
after the operation, recovering after seventeen days. 

Alexander and Eyermann 20 have expressed the opinion that there 
seems to he a close relation between Henoch’s purpura and acute intes- 
tinal allergy due to the ingestion of foods; in both, spasm of portions 
of the intestinal musculature is demonstrable with the x-ray, and peri- 
toneal urticaria and hemorrhage with edema of the bowel wall are 
demonstrable on laparotomy. In describing the symptoms of Henoch’s 
purpura, Piness and Miller 31 state that not infrequently it closely 
simulates the acute abdomen. 

The treatment of the acute abdominal crisis due to serum sickness is 
the treatment of the latter condition generally, namely the exhibition of 
the sympathomimetic drugs. It is necessary, of course, that a diagnosis 
be made ; where skin or joint manifestations are concomitant, the situa- 
tion is obvious at a glance, where this is not the ease the presence of 
recent wounds treated prophylacfieally with antitetanic serum, or a 
history of recent illness treated with therapeutic sera should give one 
the clue to the true state of affairs. 


SUMMARY 

Case reports of serum disease simulating the acute abdomen are pre- 
sented. Possible etiologic mechanisms drawn from a brief survey of ex- 
perimental and clinical publications are given. 

In view of increasing prophylactic and therapeutic use of sera it is 
felt that recognition of the abdominal features of serum sickness will 
he of progressively increasing importance. 
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Editorial 


Dicoumarin and Prophylactic Anticoagulants in 
Intravascular Thrombosis 

T HAT cattle arc sometimes affected by a hemorrhagic disease which 
seems to develop for no apparent reason and is occasionally 
fatal has long been common knowledge among veterinarians and cattle 
raisers. However, it was not until relatively recently that the explana- 
tion for this phenomenon was given by two veterinarian investigators, 
Schofield, in Canada, and Kodcrick, at the North Dakota Agricultural 
Experimental Station. Their studies showed conclusively that the dis- 
ease was due to Ihc eating of improperly cured hay or spoiled sweet 
clover silage and Ihc condition became known as sweet clover disease oi 
cattle. In 1934, Professor Karl Paul Link and his associates, of the 
Wisconsin Agricultural Experimental Station at the University of Wis- 
consin, became interested in this phenomenon and began experimenting 
to determine the causal factor of hemorrhage in the spoiled fodder. 
Seven years later, these carefully conducted and brilliantly conceived 
series of investigations were culminated with the isolation and synthesis 
of the hemorrhagic agent in spoiled sweet clover, dicoumarin, 3,3'- 
methylenc-bis-(4-hydrox.veoumarin), a white crystalline substance 
readilv soluble in alkaline solutions but only slightly soluble m water. 

Intensive studies have since been undertaken to determine the 
pharmacologic and therapeutic action of dicoumarin. Accordingly, it 
has been found that the principal effects of dicoumarin are prolongation 
to p.Xombm time and May in notation of blood Follow .h 
administration either orally or intravenously, a variable lag period of 
from twenty-fowl 1 to seventy-two hours exists before this «ct,on beeomes 
° Although there is some evidence to support the belief that 

r mrin produces physiologic inhibition of prothrombin formation 

tot Hivcr or destruction or suppression of prothrombin activity Us 
in the m , has not been definitely established. Ap- 

exact meehan, : admi „istered vitamin K produces 

parent lj , oiai .1 hvpoprothrombmcmia or on the hemorrhagic 

Wtle or or no of dicoumarin. Indeed, it would 

manifestations v \ uc Q;]]y Ly means of transfusions of fresh 

seem that this c other studies have shown that dicoumarin has 

whole blood or plasma. d increase the sedimentation rale 

a tendency to s to pnduee no significant changes in crytbro- 

0 £ erythrocytes, but it seem 
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eyte or leucocyte counts, in the fragility of erythrocytes and blood 
platelets, in the hepatic and kidney functions, and in the values for non- 
protein nitrogen, blood sugar, bilirubin, and calcium in the blood. Pro- 
longed excessive closes of dicoumarin almost invariably result in fatal 
hemorrhage, but no significant pathologic changes except those due to 
bleeding into the tissues have been found on necropsy studies. 

The anticoagulant property of dicoumarin forms the basis of its 
therapeutic significance. Accordingly, its obvious theoretic value clin- 
ically would be in the prophylaxis of intravascular thrombosis. Heparin, 
which has the disadvantages of being costly, requiring continuous or re- 
peated intravenous injections, and of maintaining a constant anti- 
coagulant effect with difficulty, has been the most recently developed and 
widely heralded agent for this purpose. If dicoumarin could be shown 
to be as good as, or superior to, heparin in this respect, it would have a 
decidedly practical advantage. Workers interested in blood and 
peripheral vascular diseases, therefore, eagerly seized upon this new anti- 
coagulant agent and began studies to evaluate its clinical efficacy in the 
prophylaxis and treatment of postoperative thrombosis and phlebitis, 
pulmonary embolism and infarction, coronary thrombosis, and peripheral- 
vascular disease. The results of these preliminary studies have appeared 
in recent issues of current journals. Allen and his co-workers, at the 
Mayo Clinic, administered dicoumarin in 374 cases “in an effort to 
prevent arterial or venous thrombosis and pulmonary embolism or to 
prevent extension of intravascular thrombosis.” Three of these patients 
developed clinical thrombosis in spite of the fact that the prothrombin 
time was elevated. Accordingly, the authors concluded that these ob- 
servations and their experimental studies “strongly suggest the value 
of administering dicoumarin in preventing intravascular thrombosis.” 
Somewhat similar studies and conclusions were also reported by other 
observers. 

Several considerations may be introduced to support the cautious posi- 
tion of provisional reluetancy in accepting these conclusions. Notwith- 
standing certain implications, the statistical significance of the reported 
results upon which many of the conclusions are based is open to question 
because the series of investigations is not adequate nor are the results 
sufficiently impressive to justify definite statements. This is clearlv 
demonstrated by a comparison with other incidences of postoperative 
thrombosis in cases not receiving anticoagulant prophylactic measures. 
Thus, in a series of 4,410 consecutive operations performed at the Charity 
Hospital, in New Orleans, exclusive of procedures on the eye, ear, nose, 
and throat, there were only 3 (or 0.06 per cent) cases of postoperative 
thrombophlebitis. Even more significant is the fact that better results 
have been reported following the use of much simpler, safer, and more 
economical prophylactic measures than the administration of dicoumarin 
or other anticoagulant agents. Tims, Zava, using early ambulation 
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post opera lively, reported over 0,000 surgical cases, many of which were 
gynecologic, without a single occurrence of embolism. In addition to 
these considerations is the fact that dieoumarin, like other anticoagulants, 
possesses certain hazardous features. Of these, the most important is 
hemorrhage, which in surgical cases obviously assumes even greater 
significance. Hemorrhage occurred in 31 cases in the series reported by 
the Mayo investigators, 24 of which occurred from the operative site; 
1 was fatal. There were 2 other fatal eases apparently as a result of 
hemorrhage in patients with subacute bacterial endocarditis. The 
authors believe that, dieoumarin is contraindicated in such cases, be- 
cause in these patients there is apparently an increased tend- 
ency to bleed. Attention is also directed to certain other conditions in 
which the drug should he employed cautiously or not at all. These 
include renal insufficiency or those with an already prolonged pro- 
thrombin time, such as obstructive jaundice or other vitamin K deficient 
diseases. The tact that there exist wide and as yet unexplained varia- 
tions in the prothrombin and hemorrhagic response to dieoumarin in 
different individuals, emphasizes further the practical significance of 
those jeopardous features. 

It becomes apparent from these considerations, therefore, that, for the 
present, dieoumarin cannot be regarded as a safe, efficacious, and satis- 
factory prophylactic or therapeutic agent in intravascular thrombosis. 
In recent years, there has been a revival of interest in the use of anti- 
coagulants for this purpose. Until the arrival of dieoumarin, heparin 
had received the most assiduous attention and intensive efforts of in- 
vestigators in this field. The fact that workers are already seeking a 
substitute demonstrates clearly that heparin did not prove completely 
satisfactory. In the prophylaxis and treatment of intravascular 
thrombosis, certain difficulties and objectionable features must be over- 
come before any anticoagulant can be considered entirely satisfactory 
and its use become widely adopted. The prophylactic value of any 
anticoagulant agent is manifestly difficult to establish in such notorious 
unpredictable conditions as intravascular thrombosis. Further emphasis 
is placed upon the undesirability of this particular characteristic by the 
fact that the anticoagulant agent must be employed in all eases, which 
is obviously impractical. This is especially true in view of the danger 
of hemorrhage which may follow the use of an anticoagulant agent and 
which assumes obvious significance in surgical cases. Therapeutically 
the use of an anticoagulant in intravascular thrombosis has at least the 
Heretical objection of increasing the tendency of embolism. That tin’s 

rot entirelv theoretic, however, is shown by our experience with a 
1S !■ t who while heparinized over a period of four weeks, had five 
patient, > ollviouslr in such cases the more certain means of 
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ceming the etiologic factors in intravascular thrombosis the rationale 
of anticoagulants as combative measures may be justifiably questioned. 
These protesting considerations to the prophylactic and therapeutic use 
of all anticoagulants in intravascular thromboses are not intended as 
critical disapprobation but rather as criticism in its strict etymologic 
sense, that is, evaluation. A restatement of facts is frequently necessary 
to dispel the fog of enthusiasm and thus permit a clear discernment of 
objectives. 


-Michael DeBalccy, M.D. 
Xew Orleans, La. 
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AMEBIC HEPATITIS AND HEPATIC ABSCESS 

Ax Analysis ok 3 SI Cases With Revie iv of tiie Literature 

Alton Ociisxer, M.D., and Michael DeBakey, M.D. 

New Orleans. La. 

(J'wm the Depart mint of Surpcrp, School of .11/ (Heine, Tulctne University , and the 

Ochxncr Clinic ) 


TN PREVIOUS publications we- 77 ’ 287 presented an analysis of 73 pa- 
tients with amebic hepatitis and hepatic abscess, admitted to the 
Charity Hospital and the Touro Infirmary during the six-year period, 
192S to 3933 inclusive, and 66 patients admitted to these institutions 
during- the four-year period, 1931 to 1937 inclusive. Since then, i.e., 
during 1 lie four-year period 1938 to 1941 inclusive, there have been 42 
eases of amebic hepatitis and hepatic abscess. 283 During this fourteen- 
year period there have been 2S7 patients with liver abscess admitted 
to the Charity Hospital and Touro Infirmary in New Orleans and of 
this number 181 (63 per vent) were amebic and 106 (37 per cent) were 
nonamebic (Graph I). Whereas the present report is based upon a 
study of the total number, 181 patients admitted during the fourteen- 
year period, 1928 to 1941 inclusive, significant comparisons of the three 
groups will be considered wherever desirable. In addition to this an 
attempt has been made to review the literature and present a compre- 
hensive survey of the subject. While the literature was reviewed up to 
1937 in a previous publication, in the present report this is brought up 
to date and for purpose of convenience and because of the relative in- 
accessibility of the previous publication much of this material is in- 


cluded. 

History. A historical consideration of amebic hepatic abscess must 

necessarily include that of amebic dysentery. Whereas knowledge con- 
cerning suppurative disease of the liver has existed since the time of 
Hippocrates and perhaps earlier, the realization of amebic hepatic 
abscess as a separate clinical entity is of relatively recent origin. In a 
comprehensive exposition of the subject, Bertrand and Fontan" pre- 
sented an excellent historiographic resume of the former. The causal 
ioD H onshu) between amebic dysentery and amebic abscess was cen- 
tred as early as ISIS, by Ballengal 10 and later by Amicsley « BuddA 
Sideie I - others even before the ameba was described, but its 

fat character was not established until after the causal agent of amebic 

dysentery was recognized. 
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During this early period it appears that the relationship between 
dysentery and hepatic abscess was recognized especially by the observers 
in India, whereas most European investigators did not consider it sig- 
nificant. In his consideration of liver abscess occurring in India, 
Annesley, in 1828, directed attention to the frequent association of these 
two conditions and accurately described the ulcerative lesion in the large 
bowel. Although he realized the difficulty of establishing an etiologic 
relationship, he expressed bis conviction that “abscess of the liver is 
in some cases consequent on dysentery, and caused by it,” a conclusion 
reached by Budd in his investigations of the subject twenty-five years 
later. This subject, however, remained controversial for many years 
later and even after the isolation of the ameba. Prerichs, 120 the eminent 
German pathologist and internist, severely criticized the views held by 
Annesley and Budd and stated, in 1879, that, “It has been far too gen- 
erally assumed that the dysentery precedes the hepatic inflammation; 
almost all physicians who have acquired their experience in warm 
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Graph I, — Relative incidence of amebic and nonamebic hepatic abscesses in 2S7 
patients admitted to Charity Hospital and Touro Infirmary during the 14-vear period 
1928 to 1941, inclusive. 

climates have arrived at the conviction that the dysentery is often pre- 
ceded by the hepatitis, or that the two may he developed simultaneously, 
and that hepatitis frequently occurs without any disease of the in- 
testine.” He states further that “a careful analysis of eases of this 
nature is entirely opposed to the idea of their connection with intestinal 
ulceration. Moreover, as regards the cases where the dysenteric ulcera- 
tion of the intestine has preceded the development of the abscesses of the 
liver, it lias not yet been proved that the hepatic disease is the result 
of the intestinal infection, and, above all, no one has succeeded in demon- 
strating, as the connecting link, any implication of the roots of the 
portal vein in the intestinal inflammation, or an intestinal pylephle- 
bitis.” These disputations were continued as late as 1898 and 
Rogers, 32 - in his Lettsonian Lectures, directs attention to the “completelv 
contradictory statements in the articles on dysentery and liver abscess 
in the first edition of Allbutt's System of Medicine by Davidson and 
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La flour respectively.” The former author 93 considered liver abscess 
occurring in tropical or subtropical countries as “an uncomplicated 
disease, and that when complicated with dysentery it not infrequently 
precedes it” and contended that it was due to a primary hepatic in- 
sufficiency consequent to residence in a hot climate which “favors the 
settlement and growth of pyogencfic organisms in the liver, quite apart 
Jrom any dysenteric complications . . In contradistinction to this 
hypothesis, La f I cur- 0 ' described clearly the pathogenesis of amebic 
dysentery and its complication, hepatic abscess, and attributed the 
process to the direct activities of the ameba. Even up to the turn of the 
present century the subject remained controversial and as expressed by 
Rogers, 3-- ' ^bi spite of the valuable work, especially by Kartulis and 
Councilman and Laflcur, medical opinion in 1902, particularly in India, 
was against the recognition of amebic dysentery as a distinct disease 
and also to a great extent contrary to its acceptance as the causative 
agent of tropical liver abscess, while there were still great differences 
of opinion as to whether such abscesses were in any way directly asso- 
ciated with dysentery.” 

Credit for the discovery of the Endamcba histolytica is usually given 
to Loseh, 214 (1S75). However, it should be realized that although he 
successfully reproduced the disease in one of four dogs by contaminating 
their food and injecting them rectally with stools containing the motile 
amcbae, he did not consider the ameba as the cause of the disease but 
merely suggested that their presence delayed healing of the ulcerations. 
Koch, 107 in 1S83, stated that he had observed amebae in material obtained 
from colonic ulcers of five patients dying of dysentery in Egypt. Two 
of these cases were complicated with liver abscess, and because in one 
amebae were found in the capillaries and tissues adjoining the abscess, 


he considered their possible etiologic significance. Perhaps Kartulis 191 
presented one of the most important early contributions toward the 
recognition of the etiology of amebic dysentery and its complication, 
liver abscess. In 1886, he published the results of his investigation of 


150 cases of dysentery in Egypt. He demonstrated amebae, similar to 
those previously described by Loseh, in ulcers and in tissue beneath 
ulcers of sections of diseased intestines, and concluded that these 
protozoa were the cause of “tropical dysentery.” He stated sub- 
sequently 192 ' 103 that he had found similar amebae in the pus of liver 
abscesses and that it was the causal agent of hepatic abscess associated 
Hth dysentery in the tropics. As stated previously, in viewing retro- 
etivclv the then current controversy which apparently raged concern- 
S1 ,, ; Holo „v of “tropical dysentery” and associated liver abscess, 
ing tiic ^ , - t | ic lin-iit of subsequent development, to read 

it it »f “™" s “ 9c “met of Karris' concision, hy Be.l- 

"I.HVC defense of their view <l,»l liver al»eos, abated 
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with dysentery is caused primarily by invasion of pyogenic micro- 
organisms and that arnebae might play a secondary but not a specific 
role. 

Numerous investigators subsequently confirmed Ivartulis’ observa- 
tions. One year after Ivartulis’ publication, Jaroslov Hlava 105 demon- 
strated arnebae in sixty cases of dysentery occurring in Prague and suc- 
cessfully reproduced the disease in four of six cats by intrareetal in- 
oculation of dysenteric stools obtained from human beings. In this 
connection there is an interesting and rather curious story which has 
medico-literary significance. For over fifty years these observations 
of Illava were credited in textbooks and periodicals on the subject, to 
“Dr. 0. Uplaviei.’” 79 Several years ago Dobell 101 unmasked this 
mysterious character. It appears that Hlava 105 published his original 
article in a relatively inaccessible Czechoslovakian journal with the title. 
“0 Uplaviei. Predbezne sdeleni ' ’ (On Dysentery. Preliminary Com- 
munication). According to Dobell no translation or further communica- 
tion was ever published and subsequent investigators have referred to 
the brief review or abstract of this article signed by Ivartulis and ap- 
pearing in the Centralblatt fur Balderiologie vnd Pamsitenkwide. 3 ™ 
Extraordinary as it may seem, Hlava ’s name was completely omitted in 
this abstract and only the title of his paper was presented as “Uplaviei, 
O.” 379 Moreover, not only did Ivartulis refer to the author personally 
as Uplaviei but in the contents of the issue in which the abstract appears 
the name is given as “Uplaviei, 0.’’ By 1910, “Uplaviei, 0.” was listed 
in the Index Catalogue of Medical and Veterinary Zoology , as having 
acquired a doctor’s degree. As stated by Dobell, the mysterious “Dr. 
0. Uplaviei” has haunted respectable books and periodicals long enough 
and it ' 1 seems high time that this ghost should be laid once and for all. ’ ’ 
Of no less historical importance are the investigations in this country. 
Osier, 291 in 1890, observed arnebae in a liver abscess of a patient operated 
upon and in whom arnebae were found subsequently in the stools. 
Shortly afterward, similar observations were made by Stengel, 350 Musser 
and Willard, 203 and Dock. 103 In 1891, Councilman and Lafleur 70 pre- 
sented their classical contribution based upon a perspicuous investiga- 
tion of fifteen cases of amebic dysentery and six complicating liver 
abscesses. These studies conclusively established “amebic dysentery” 
and its complication “amebic abscess of the liver” as clinical entities 
with the ameba as the specific etiologie agent. Indubitable corroborative 
evidence of this fact was supplied by Ivovaes, 200 in 1892, who success- 
fully produced dysentery in kittens with arnebae from dysentery cases 
in human beings, and by Kruse and Pasquale, 201 in 1894, who success- 
fully produced characteristic dysentery in a eat by intrareetal instilla- 
tion of sterile liver abscess pus containing arnebae. In 1901. Harris 155 
also accomplished, perhaps for the first time in puppies, successful ex- 
perimental production of amebic hepatic abscess following experi- 
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menially produced amebic dysentery. Subsequently, similar results 
were obtained in eats by Craig, 7 " Huber , 181 and others .®' 01 * 391 

The important extensive clinical investigations of amebic hepatic 
abscess by Sir Leonard Rogers deserve mention in any historical con- 
sideration of the subject. Approximately four decades ago 320 this in- 
vestigator demonstrated that whereas active amebae were frequently 
not present in the “pus’’ they were constantly found in the wall of 
1 1 opical abscesses ol the liver and that in the majority of instances 
pyogenic organisms were absent from these abscesses when they were 
tirst opened. He immediately realized the significance of this fact and 
directed attention to the importance of treating the abscesses conserva- 
tively with aspiration and emetine, which will be considered in greater 
detail under the discussion of therapy. Of interest in this connection 
is a recent article of Hoard, Long, and Graziana 171 in which a Dr. 
Florence 123 is cited as antedating Rogers in the use of emetine therapy. 
They state that Dr. Florence employed hypodermic injections of emetine 
as early as 1SS2. 

Incidence . — Intensive studies during the past decade have clearly 
established the relative frequency and increasing significance of 
amebiasis. In spite of the well-established fact that amebiasis is of 
ubiquitous occurrence, the fallacious impression still exists that 
amebiasis is an acute disease usually contracted in the tropics and 
manifested principally by dysentery or liver abscess. Its universal dis- 
tribution has been conclusively demonstrated by extensive surveys made 
in various parts of the world. As aptly expressed by Faust, 118 
“ Endamoebci histolytica has been found wherever careful coprological 
surveys have been made on the human population, from Saskatchewan, 
Canada (52° 30' N.) to the Strait of Magellan (52° S.).” Its preva- 
lence in the United States has been emphasized repeatedly by Craig 72 
who is of the opinion that between 5 and 10 per cent of this country’s 
population harbor the parasite. That this is not an exaggerated esti- 
mate is clearly demonstrated by the results of numerous surveys in vari- 
ous parts of the country. Indeed, on the basis of more recent investiga- 
tions Faust 118 concludes that “the incidence figure may possibly average 
as high as 20 per cent, or double that of previous accepted estimates.” 

As early as 1911, Sistrunk 347 directed attention to its frequency here 
and found it present in 17.2 per cent of 145 patients examined at the 
Mayo Clinic. Subsequent studies in this institution revealed an in- 
cidence of 22 5 and 7.9 per cent, respectively. 228 ' 338 In the Veterans 
Rm-eau Hospital in California, Wight 302 observed an incidence of 6.S 
per cent and Meleney, Bishop, and Leathers 244 found it to be 11.4 per 
en t in an examination of 20,237 individuals ™ Tennessee. Faust 
, a 90 nor cent incidence in one county in Virginia and 13./ per 
reported 1 f j ioo individuals in New Orleans. Craig 83 

eent in an exa™ * in an examination of 1S9 officers of the 

found a 12- < P* United States Army. In 1934, Craig 85 reported 
Medical Ooips of t j ie m ost important surveys made m various 
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parts of tlie country and found an incidence of 11.6 per cent in 49,336 
individuals examined. Moreover, it would seem that the incidence of 
infection is increasing. Thus, in a collected sei'ies of 19,882 individuals 
examined before 1930 there was a positive incidence of 10.3 per cent, 5 * 0 
whereas in a similarly collected group of 28,634 individuals examined 
since 1930 the incidence was 12.8 per cent. 410 However, as recently 
emphasized by Faust 118 such surveys are “too few and too fragmentary 
to provide a complete demographic picture of the infection. For many 
areas no surveys have been undertaken; for many others the data are 
based on unrepresentative groups of the population or too few persons 
have been examined to provide sismificant statistics. Moreover, most 
surveys have employed a single technique on a single stool specimen; 
hence the positive cases reported constitute only a fraction of the true 
incidence in the particular area.” Accordingly, it is his authoritative 
opinion that, “In the population of the United States an average 
amebiasis incidence as high as 20 per cent may be reached, rather than 
the accepted figure of 5 to 10 per cent.” 

Thus, it would seem that Craig’s estimate that between six million 
and twelve million people in this country are infected with this para- 
site is too conservative and that a figure of twenty to twenty-five million 
would be more accurate. The surgical significance of this appallingly 
high incidence lies in the potential development of hepatic infections. 
In a previous publication 2 ' 7 it was shown that approximately 4 to 5 per 
cent of individuals with intestinal amebiasis develop hepatic complica- 
tions Accordingly, on the basis that twenty million people in this 
country are infected with E. histolytica, the potential number of hepatic 
complications is approximately one million. Such an astounding figure 
emphasizes with striking clarity the full significance of this important 
complication. 

It is obviously difficult to determine accurately the relative oeeuiTenee 
of complicating amebic hepatitis and hepatic abscess in intestinal 
amebiasis The repoited statistics vary considerably and depend upon 
a number of factors. Thus, statistical analyses based upon post-mortem 
eases will reveal a much higher incidence of hepatic abscess than those 
based upon clinically observed infections. Obviously, the former cases 
include patients with more severe amebic infections who are more likclv 
to have complicating liver abscess which is often the cause of death. 
Moi cover, autopsy studies permit more accurate determination of extra- 
mtestinal amebic involvement In a collected series of 5211 fatal cases 
of amebiasis. 411 36 6 per cent were found to have hepatic abscess (Graph 
II) The lowest incidence in this croup was 7.6 per cent 8 and the 
highest was 84 4 per cent " 49 

As pi eviously slated, the incidence of hepatic abscess in all cases of 
intestinal amebiasis varies accoidmg to difTeieni icpoits and seems to 
depend upon whether the cases weie ambulatory or not Thus 
Fufchei repoited 27 cases (22 6 per cent) of hepatic abscess in 119 
cases of intestinal amebiasis at the Johns Ilopkins Hospital Buchanan." 7 
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on the oilier band, Jound that in India the ratio of hepatic abscess to 
intestinal amebiasis was I to G2S in the natives and 1 to 18 in the 
Europeans. In Peiping, Tao“'“’ observed an incidence of l.S per cent 
in 1,000 cases of positive amebic infections. In a collected series of 
!),G%‘ eases of clinical amebiasis, including the authors’, there were 472 
cases of amebic abscess of the liver, an incidence of 4.86 per cent 412 
(Graph II). In the Charity Hospital group of our series there were 
1G0 e.ises of amebic hepatic abscess among 1333 cases of amebic dvsen- 
)«.'» nn incidence of If. 4 pci* cent. There has been a curious change 
in the incidence during the fourteen-year period in this institution. 
Thus, during the six-year period, 1928 to 1933 inclusive, there were 59 
(or 15.2 per cent) cases of amebic hepatic abscess among 388 cases of 
intestinal amebiasis. 277 During the four-year period, 1934 to 1937 in- 
clusive, these respective figures were 59 (or 20.4 per cent) and 28S. 287 
More recently during the four-year period, 1938 to 1941 inclusive, there 
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Graph II Relative incidence of amebic hepatic abscess in fatal and clinical amc- 

biasis. 

were only 42 (or 6.4 per cent) cases of amebic hepatic abscess in 657 
cases of intestinal amebiasis. 285 Thus, it would seem that the incidence 
of amebiasis has continued to increase but the incidence of complicating 
hepatic abscess has been decreasing during the last four years although 
it was increasing up to that time. This would suggest that intestinal 
amebiasis is being recognized earlier and treated more effectively m rc- 
‘ f vears However, as emphasized by Craig, 8 - many cases remain un- 
r Jod 'especially in the temperate climates where amebiasis is still 
'“*”"^2, disease by .00 „,a„y This a.dl.e,- has 

T— Sons found an amebic hepatic abscess at autopsy that 

was entirely helja titfa and hepatic abscess in hospital ad- 

miffitons'also'v^ries considerably in different localities and in many ,n- 
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stances does not conform to the incidence of amebiasis in the same 
locality. At the Charity Hospital in New Orleans, during the fourteen- 
year period, 1928 to 1941 inclusive, there were 784,622 total admissions, 
among which there were 160 patients with amebic abscesses and 101 with 
pyogenic abscesses with respective incidences of 0.020 and 0.0128 per 
cent of the total admissions. During the same period there were 2,538 
patients diagnosed as having liver disease, of which 160 (or 6.3 per 
cent) had amebic hepatic abscess and 101 (or 3.9 per cent) had pyogenic 
abscesses. In 3,115 hospital surgical patients, Eolian 112 found amebic 
liver abscess to he present in 0.28 per cent. In Ceylon, Wijerama' 94 
found an incidence of 1.2 per cent among 4,070 hospital admissions. In 
South Carolina, Young and Bristow 404 report an incidence of 0.07 per 
cent in 34,994 total hospital admissions. As commented upon previ- 
ously, 287 the unusually low incidence of 0.000017 per cent reported by 
Goldburgh, 141 based upon 120,000 admissions at the Jefferson Hospital 
and 232,000 admissions at the Philadelphia General Hospital, is rather 
difficult to explain. Whereas the relative incidence of amebic abscess 
is considerably greater in the Charity Hospital series (0.034 per cent) 
than in the Philadelphia group (0.000017 per cent) it is our opinion 
that this marked difference cannot be explained solely by the slightly 
higher incidence of amebiasis in the South which according to Craig 85 
is only about three times greater. Reports on the incidence of amebiasis 
in the two regions convincingly demonstrate this fact. Wenrich, Stab- 
ler, and Arnett 390 found an incidence of 4.1 per cent of amebic infesta- 
tion in routine stool examinations on 1,070 college freshmen at the Uni- 
versity of Pennsylvania. Similar studies made by Faust and Headier” 3 
on 4,270 white clinic patients in New Orleans showed an incidence of 
8.3 per cent. While the former incidence appears to be one-half as great 
as the latter it should be realized that college freshmen would be ex- 
pected to be in better general health than clinic patients. In the au- 
thoritative opinions of Craig 72 and Faust 118 both incidences would be 
much higher if repeated stool examinations were made on each individ- 
ual. As previously emphasized, 277 ’ 278 ’ 282-284 the relative frequency of 
amebiasis in the temperate climates is not thoroughly appreciated and 
consequently the possibility of amebic hepatic abscess is likely not to be 
considered. In this connection the surprisingly low incidence of amebic 
hepatic abscess to all liver abscesses recently reported at the Mayo Clinic 
is of further interest. 24, lcc Only 18 (or 14 per cent) of 125 surgical 
cases of liver abscess were attributable to ameba, 100 which is in stinking 
contrast with the incidence of 63 per cent amebic hepatic abscess in our 
series of 287 liver abscesses (Graph I). Surveys made in both areas 
demonstrate clearly that these contrasting incidences (14 per cent at the 
Mayo Clinic and 63 per cent in the New Orleans series) cannot he ex- 
plained solely by the respective incidences of amebiasis in the two 
regions. Thus, in a total number of 7,302 patients at the Mayo Clinic 
in which stool examinations were made E. histolytica was found in 
1,275 (or 17.4 per cent), 138 - 228 ’ 33S - 317 whereas similar studies on 4,270 
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white patients in New Orleans showed the incidence to be S.3 per cent. 110 
b ansi" ' was also struck by “unexplained discrepancies in different 
population groups in the same locality. 1 ’ Referring to the incidence of 
amebiasis according to various surveys he states that, “Clinic patients 
in Philadelphia have been reported to have an incidence of only 1.1 per 
cent and college students in the same city 4.1 per cent, food handlers 
in San Francisco have been found to have only 3.0 per cent infection but 
University of California students, 53.0 per cent.” 

The sex factor apparently plays a definite role in the development 
of amebic hepatitis and hepatic abscess but its exact significance is not 
clearly understood. Its ctiologic importance, however, is demonstrated 
by the fact that in a series of 17 S9 eases collected from the literature," 3 
1703 (or 95.1 per cent) were males. In our series of 1S1 eases there 
were 157 (or S6.7 per cent) males (Graph III). Rolleston and McNee 330 
have attempted to explain this curious susceptibility in the male by the 
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0 -reater likelihood of trauma and the greater incidence of alcoholism 
which predispose to hepatitis in this sex. As previously stated, how- 
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analyzed by Rogers and Megaw 320 70 per cent occurred in the third 
and fourth decades. Ludlow, 218 Craig, 85 and Spittel 333 have reported 
similar incidences. Palazuelos and Lerner, 202 in an analysis of 74 eases, 
found that 35.6 per cent occurred in the third decade, 31.5 per cent in 
the fourth, and 17.8 per cent in the fifth. Whereas its occurrence is 
rare in children, it has been observed even in infants. In 1824, Brown, 32 
although not cognizant of the etiology, observed a ease in a 1-year-old 
negro girl who had a liver abscess following dysentery. Niblock 208 re- 
ported a case in a Hindu boy 11 months of age, and Leroy des Barres 209 
recorded a ease in an eight-month-old infant. Amebic dysentery also 
occurs rarely in children but as stated by Craig, 85 this is “not believed 
to be due to any inherent insusceptibility to the infection but to a lesser 
chance of contracting the infection.” In our scries of 181 eases the 
youngest patient was 6 years old, the oldest was 70, and the average age 
was about 40. The greatest age incidence according to decades was in 
the fourth and fifth, over 60 per cent of the cases occurring between 
the ages of 30 and 50 years and almosl nine-tenths of the cases occurring 
between the ages of 20 and 60 years (Graph IV). Thus, our patients 


33.1% 



Graph IV. — Age Incidence in amebic hepatic abscess according to decades in 181 cases 

of the authors. 

are approximately a decade older than the tropical ones. As previously 
stated, tliis is probably due to the greater span of life in the tropics 
than in the temperate zones. 

Whereas all races are apparently susceptible to infection with E. 
histolytica it is the consensus that in the tropics the natives suffer less 
with clinical manifestations, especially amebic dysentery, than white 
people. Moreover, a number of observers in the tropics have expressed 
the opinion that Europeans are more susceptible to the development 



while patients in New Orleans showed the incidence to be S.3 percent. 1 ” 
Faust 117 was also struck by “unexplained discrepancies in different 
population groups in the same locality.’’ HefeiTing to the incidence of 
amebiasis accordin'? to various surveys he stales that, “Clinic patients 
in Philadelphia have been reported to have an incidence of only 1.1 per 
cent and college students in the same city 4.1 per cent, food handlers 
in San Francisco have been found to have only 3.0 per cent infection hut 
University of California students, f)3.0 per cent." 

The sex factor apparently plays a definite role in (lie development 
of amebic hepatitis and hepatic abscess but its exact .significance is not 
clearly understood. Its etiologic importance, however, is demonstrated 
by tlie fact that in a series of ITS!) eases collected from t he literature," 5 
1703 (or 5)5.1 per cent) were males. In our series of 181 cases there 
were 157 (or 86.7 percent) males ( ( Jrapli III). Jlolleston and ircNee 3 "' 1 
have attempted to explain this curious susceptibility in the male by the 



Graph in. — Sex incidence in amebic hepatic abscess based upon 17S9 collected case? 
and 1S1 cases of the authors. 

greater likelihood of trauma and the greater incidence of alcoholism 
which predispose to hepatitis in this sex. As previously stated, how- 
ever, a more probable explanation of the preponderance of the male sex 
in amebic hepatic abscess is the predominant occurrence of intestine 
amebiasis in the male. This is demonstrated by ilanson-Balir s- 3, recent 
report of 535 cases of amebic dysentery in which the incidence of niales 
was 83.9 per cent. However, the much higher incidence of intestine 
amebiasis in males is yet to lie satisfactorily explained. 

Amebic hepatitis or hepatic abscess occurs principally during ad”H 
life or in the most active period and few cases are observed in nuii\n - 
nals less than 20 or greater than 50 years of age. Of almost 400 ciim’s 
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studies of the subject. A positive history of alcoholism was obtained 
by Waring 386 in 67.5 per cent of 40 cases, by Rogers 320 in 54.5 per cent 
of 44 cases, by Megaw 242 in 70 per cent of 170 cases, and by Chen and 
his associates 33 in 67.7 per cent of 31 eases. On the other hand Eolian 
is of the opinion that alcoholism has little or no predisposing influence 
because the incidence of amebic hepatic abscess is no greater among the 
natives of Armenia whose habits are far from abstemious in this regard 
than among the Europeans. This is suppoi'ted further by the rela- 
tively low incidence of alcoholism found in the investigations of other 
observers. Thus, a positive history of alcoholism was obtained by 
Pciris 302 in 24 per cent of 28 cases, and by Jayasuriya 188 in only 18 per 
cent of 73 cases. Unfortunately, the significance of the alcoholic factor 
cannot be ascertained in our senes because in only 10 cases was any 
statement made concerning its consumption. Of this number 3 gave 
a positive history and 7 were abstainers. 

The significance of seasonal influence upon the development of amebic 
hepatic abscess is questionable. In an analysis of 236 eases according 
to the four seasons, Rogers 320 found the incidence almost equal. Rolles- 
ton and McNee, 330 however, have expressed the opinion that sudden 
variations in temperatures are important factors, and Schrumpf-Pier- 
ron 340 stated that the sudden occurrence of hot winds in Egypt was the 
most important cause of recurrence of amebic hepatitis. Whereas 
climatic factors cannot be considered definitely influential in the de- 
velopment of amebic hepatic abscess, a more definite relationship seems 
to exist regarding the incidence of amebic dysentery. According to 
Craig, 85 amebic dysentery occurs more frequently in hot, moist climates 
and is due probably to the increased possibility of transmission and to 
the depressing effect upon the resistance of the host. 


Pathogenesis . — It has been clearly established by clinical as well as 
experimental investigations that amebic hepatitis is the result of inva- 
sion of the liver by the ameba. The three possible routes by which 
amehae may gain access to the liver are (1) by direct extension through 
the bowel wall, peritoneal cavity, and the capsule of the liver; (2) by 
the lymphatic route; and (3) through the portal vein. Councilman and 
Lafleur 0 originally contended that amehae “reach the liver by another 
route than through the blood and lymphatic vessels,” that is, “by means 
of the abdominal cavity”; this was based upon their observations that 
the most frequent sites of these hepatic abscesses were in the periphery, 
either on the diaphragmatic or colonic surfaces of the right lobe, and 
the presence in one case of an associated amebic peritonitis in the right 
abdominal quadrant. The presence of amehae in the peritoneal exudate 
and in abscess beneath the right rectus muscle lends credence to this 
theory ,“ r - Extension through the lymphatics is based upon the finding 
of amehae in lymphatic vessels of the colon. 70 However, this mode of 
transmission is obviously rare, and is probably never operative. 
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of amebic hepatic abscess than natives. Of 568 cases analyzed by 
Buchanan, 33 75.8 per cent were white patients and 24.1 per cent natives. 
Somewhat similar observations were made by Ludlow 218 in Korea, and 
Herrick 111 in the Canal Zone. On the other hand, in a series of 150 
cases reviewed by Iluard and Meycr-May, 174 66 (or 44.4 per cent) were 
among the white inhabitants and 84 (55.5 per cent) among the natives 
in Tonkin. Craig 8 " believes that the comparative mildness of amebic 
symptoms among natives in the tropics is “largely due to a partial im- 
munity to the effects of the parasite acquired by constant infection since 
childhood." In our series of 182 eases, 108 were white and 74 were 
colored patients. However, only the Charity Hospital group of 160 pa- 
tients in this scries can be considered because colored patients are not 
admitted to the Touro Infirmary. In this series of 160 eases there were 
S7 (or 54.4 per cent) white and 73 (45.5 per cent) colored patients, 
a distribution commensurable with the general admissions to the hospital 
of the two races (Graph V). As previously stated, the relatively high 
incidence of colored patients in this group as compared to other reported 
series may be accounted for, probably, by the fact that only one other 
institution in New Orleans admits negro patients, and possibly by the 
fact that white patients are more likely to consider and attempt to ob- 
tain antiamebic therapy before admission to the hospital. 



White Colored 

Graph V.- Race incidence of amebic hepatic abscess in 160 cases of the authors. 


A number of other factors such as alcoholism, traumatism, exposure, 
improper diet, and lowered resistance have been considered to have some 
predisposing influence upon the development of amebic hepatitis and 
1 erratic abscess. Of these, excessive indulgence in alcohol is believed by 
most, authorities to be the most important. In fact some have cited the 
ore 'abstemious habits of females as a significant factor in their com- 
+• freedom from this complication. Rolleston and McNec 330 bc- 
parative moderate use of alcohol predisposes to amebic hcpa- 

lieve that e\t fhe i ner eased incidence of this complication 

titis, as demons < |otal a bst ainers. A number of observers have 
in natives who a lilivelv i,j<rh incidence of alcoholism in their 

directed attention to the i cn i . - 
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strated with greatest frequency in the earlier stages of amebic hepatitis 
or in the marked necrotic tissue of early abscesses and are rarely found 
in the older abscesses with thick fibrotie capsules. Probably this ac- 
counts for the fact that amebae are so difficult to find in the contents 
of large amebic abscesses, especially when first opened, although several 
days later they may be found in the ■‘pus.’’ 190 According to Mac- 
Callunr-- this may be explained on the basis that amebae require oxygen, 
and after tire abscess has been opened and exposed to the air amebae 
may readily appear in the draining material. There is eonsidei'able 
discrepancy among different observers concerning the incidence of ame- 
bae in the abscess contents. Whereas Rogers, 325 Futcher, 132 and Chen 
and co-workers 33 were able to demonstrate amebae in the contents of 
hepatic abscesses in 96.2 per cent, 99.1 per cent, and 65 per cent of 
their respective series, Okinsehcwitsch, 289 Bressot, 30 and Huard and 
Meyer-Way, 174 found this incidence to be 12 per cent, 11.9 per cent, and 
7.4 per cent respectively in their series of cases. In a series of S73 
cases collected from the literature, amebae were demonstrable in the 
abscess contents in 330 (or 37.8 per cent) 414 (Graph VI). In our 



Graph VI. — Respective incidences of sterile abscesses, ameba in pus and 
stools m collected and authors’ cases of amebic hepatic abscess. 


ameba m 


series of 91 cases, in which the results of this examination were stated, 
there were only 15 (or 16.5 per cent) with positive findings (Graph VI). 
The unusually high incidence reported by Rogers, 325 Futcher 132 and 
Chen and his associates 55 may he explained by the fact that scraping 
oi the abscess wall was generally performed. In our eases this was 
rarely done. 

Previously the role of pathogenic bacteria in the production of amebic 
hepatic abscess was a subject of considerable discussion. Whereas pyo- 
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T1ki< iiincbac reach the liver from Hie primary focus in the intestine 
f hroujih tlie portal vein is the consensus of most authorities. Amebae 
are frequently observed in the capillaries and vessels of the intestinal 
submucosa and in the portal tributaries. According to Rogers 325 if 
“amebae happen to reach some part of the liver in such numbers as to 
cause clotting of several contiguous small veins so as to interfere with 
the blood supply sufficiently to produce a small focal necrosis with con- 
sequent softening of the walls of the veins allowing escape of the amebae 
into the soft liver tissue, the commencement of an abscess results.” 
Once this process begins, further spread of the organisms occurs along 
the open veins with further destruction of the liver parenchyma and 
extension of the cavity in concentric circles until a fibrous capsule sur- 
rounding the abscess develops. 


In the development of amebic hepatitis and hepatic abscess the two 
factors which play prominent roles are: (3) the production by the 
amebae of intrahepatic portal thrombosis and infarction, and (2) the 
cytolytic activity of the ameba. That amebae lodge in the smaller 
portal radicles producing thrombosis with typical infarction and con- 
sequent focal necrosis has been convincingly demonstrated by experi- 
mental and clinical investigations. 203, 314 These appear characteristically 
in the portal triads and extend peripherally towards the capsule, thus 
paving the way for the cytolytic activity of the amebae to produce lysis 
and destruction of the involved liver parench.yma. In one of the autopsy 
cases studied by Palmer. 293 amebae were found in a thrombosed branch 


of the portal vein in the liver. According to Craig, 85 in the earliest 
stage of abscess formation “there is an area of capillary congestion 
surrounding an area composed of eyfolyzed tissue cells in which may be 
seen red blood corpuscles, degenerated liver cells, a few leucocytes, con- 
nective tissue cells, and granular debris, with now and then a tropho- 


zoite of E. histolytica, lying in a zone of completely cytolvzed material.” 
Undoubtedly, in many instances this early process of amebic hepatitis 
does not progress further but heals by connective tissue replacement. 
That this is not an infrequent occurrence in amebiasis is clearly shown 
by the fact that sections of liver in cases of active intestinal amebiasis 
reveal Generalized increase in portal connective tissue and focal scar 
tissue residues of healed small amebic abscesses. 

According to this concept it becomes obvious that in the early phase 
f an amebic hepatitis a balance exists between regression toward healing 
‘ ‘ tissue replacement and progression towards suppuration and 

; SC ‘ f m . m n t ion. Probably the scale is upset by certain predisposing 
abscess ‘ ^ the re i a tive resistance of the host and virulence and 
factors sue i «. fenigj ^ ppeseiI0e 0 f pathogenic bacteria, and p os- 
number o ” anc l other detrimental agencies, result ing m 1 rue 
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abscess formation. characteristically in the zone of necrotic tissue 

The amebae are fibrotic abscess wall. They can be demon- 
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F, S- 1- — Colored photograph showing characteristic chocolate-sauce pus obtained from 
amebic abscess of liver (Case 3). 
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genic organisms undoubtedly produce hepatic abscesses, in eases of 
amebic abscess in which they are demonstrable they arc probably sec- 
ondary invaders and usually there is a change in character of the ab- 
scess contents. As has been previously emphasized, the fact remains 
that true amebic hepatic abscesses arc characteristically bacteriological];' 
sterile. Relatively large series of cases have been studied by Manson- 
Balir, 234 Butcher, 132 and Rogers, 323 who found the “pus” sterile in 91.1 
per cent, S6.6 per cent, and S6.2 per cent respectively. In a collected 
series of 619 cases .627 (or 85.1 per cent) were found to he sterile' 11,1 
(Graph VI). Art almost similar incidence (84.6 per cent) was found 
in our series of 91 eases (Graph VI). As previously emphasized/ 77 " 279, 
asz-ssr., as; |jjj s j s , m extremely important fact the significance of which 
will be better appreciated in the discussion of therapy. The pyogenic 
organisms most commonly found in secondarily infected amebic hepatic 
abscesses are streptococci and staphylococci. However, occasionally 
other forms are observed. Enterococci, Bacillus coli, and pneumococci 
have been reported by Huard and Mayer-May. 174 Of the 14 cases in 
our series in which secondary infection was present, staphylococci were 
demonstrable in S, streptococci in 4, the combination of these two in 1, 
and B. coli in 1. 

Pathology . — There is considerable variation in the gross appearance 
of the liver in amebic abscess depending upon the location and the de- 
gree and stage of involvement. Usually the liver is enlarged although 
if the abscesses are small and deeply situated it may have a fairly normal 
external appearance. On the other hand localized peritonitis with 
fibrinous exudation is usually present on the surface in those cases in 
which the abscess lies near the capsule. Adhesions to the diaphragm 
are present in those peripherally located abscesses in the dome of the 


liver. 

When the liver is sectioned the abscesses become readily visible and 
the surrounding parenchyma presents evidence of fatty degeneration 
and venous congestion. Depending upon the stage of the process macro- 
scopically the abscesses vary in size and character. Upon this basis 
Councilman and Lefleur 70 classified amebic abscesses into three types: 
fl) the small, which are acute; (2) the larger abscesses with partially 
fibrous walls; and (3) the chronic with hard, dense fibrous shells. The 
earliest visible stage of abscess formation appears as a minute grayish- 
/ area having a moth-eaten appearance and, according to Craig, 8,1 

' ‘ ts‘ nec rosis of cytolysis of tissue produced by the ameba. From 

_ ta<re abscesses may be observed ranging in size from a few imlli- 
to 15 or 20 cm. Occasionally the abscess actually 
meters m . u ^ ]o]jC of the H ve r. 

occupies < , s f t p e abscess have a characteristic appearance, 

Whereas « var j a tion depending upon (he stage and nature of 
there may lie lhc car ]j er stages of the nonsecondarily infected 
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ance. Later the contents become less viscid and due to the mixture of 
Wood assume yellowish-red or chocolate-brown color (Fig. 1). This 
characteristic appearance of the material contained in the abscess has 
been variously described as resembling "liver scrapings’' (raclurc de 
foie), 127 ‘‘crushed strawberries” (fraise ecrasee),' lj ‘‘wine dregs” (lie 
de vin), 200 anchovy sauce, and ‘‘chocolate sauce” which in our opinion 277 
is the most descriptive (Fig. 1). According to Costantini 68 and Man- 
son-Bahr 234 this material is so characteristic of an amebic hepatic ab- 
scess that its presence justified a positive diagnosis even though amebae 
are not demonstrable. Once the abscess becomes secondarily infected 
the contents become more purulent and develop a greenish or grayish- 
yellow creamy character. However, it should be realized that the 
contents of a pure amebic abscess do not consist of pus but a mixture of 
blood, cytolvzed liver tissue, and small solid particles of liver paren- 
chyma which have resisted destruction. 

The stage of the lesion also determines the character of the abscess 
wall. Thus, in the earlier stages of abscess formation the wall may be 
scarcely visible, whereas in the later stages a dense well-defined fibrous 
tissue capsule of varying thickness is conspicuously present. Accord- 
ing to Craig 87 ’ this typical fibrous wall is ‘‘due to the fact that the con- 
nective tissue of the liver offers a marked resistance to eytolysis and 
that the invasion of tissue of this parasite stimulates connective tissue 
formation.” The importance of this limiting fibrous membrane is em- 
phasized by Rogers 323 who believes that once it has formed, further 
destruction of liver tissue occurs only after secondary infection develops. 
In medium-sized abscesses the inner aspect of the fibrous wall has a 
typical shaggy appearance and is covered with shreds of necrotic tissue. 
This is due to the connective tissue framework of the liver parenchyma 
which resists the cytolytic activity of the ameba. Cases in which the 
bands or ‘‘shreds of partly cytolvzed connective tissue reach entirely 
across the abscess cavity” have been described by Craig. 81 The internal 
surface of the fibrous wall has a smoother appearance in older chronic 
abscesses. 

The microscopic appearance of the abscess also varies according to the 
stage of the process. The lesion is essentially one of the colliquative 
necrosis and liver parenchymal disintegration with characteristic absence 
of leucocytic infiltration and inflammatory reaction. In the earlv stages 
of amebic hepatitis, section reveals cytolvzed and degenerated liver cells 
red blood cells, a few leucocytes and fibroblasts and an occasional ameba 
surrounded by a zone of capillary congestion. As the lesion advances to 
true abscess formation a well-defined wall of connective tissue appears 
surrounding the cavity containing granular necrotic liver tissue, erythro- 
cytes, lymphocytes, and a few polymorphonuclear leucocytes. In the 
more peripheral areas of the abscess wall, amebae can frequently be 
observed invading the surrounding liver parenchyma. In the older 
thick-walled abscesses there is present cytolvzed necrotic tissue contain- 
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Faust, 116 who recently analyzed 249 autopsy cases from the Gorgas Hos- 
pital in Panama and the Charity Hospital in New Orleans, found that 
the cecum and appendix were the most frequent sites of involvement. 
Accordingly, the right half of the colon would seem to be the greatest 
source of amebic i nfectio n7~On the basis ~of theTtwcT currents of blood 
in "the portal vein thiTarea drains into the right lobe of the liver and 
consequently there is greater likelihood of amebic localization in this 
lobe. 


96 . 3 % 



Graph VII. — Relative incidence of amebic hepatic abscess according to location and 
multiplicity of lesions in collected and authors’ cases. 


"Where as clinically amebic hepatic abscess has been considered c harac- 
teristically single rather than multiple, varying incidences have been 
reportedAtependiug largeFv upon" analyses of clinical or a utopsy cases. 

L^^Single ab scesses were re ported b y Davidson” 1 in 7 5 per cent, two ab- 
scesses in 11 per cent, and m ore than two in 14 per cent. In analyses 
of au~to psy~eases The respe ctiv e incidences of mu ltiple abscesses found 
by G uide, 134 Craig, 75 Sambuc, 337 a nd Hondon- 55 were 30, 60.S, 64.S and 
66 per cent. Further demonstration of the significance of clinical and 
post-mortem studies on the incidence of single and multiple abscesses 
is furnished by the studies of Huard and Meyer-May. 174 "Whereas ip a 
series of 150 clinical cas es multiple abscesses were fou nd in only 13 (or 
S.6 per cent), m a scries of 43 autopsy cases multiple absc esses were 
obs erve3~ni~31 (or TTpeFceir TT A s previously stated the o bvious ex- 
plan ation for suc h discrepancies lies in the fact that autopsy eases are 
likel y to ha ve more extensive involvemmf aniTpenmt more thorough ex- 
ami nation than clinical case s. In a~collected~senes of 1,609 cases a 
sin gle abs c ess was present in 1,04S (o r 65 peTcent) and multiple ab- 
scesses in 561 (or 34,9 per cent) (Graph YII). 417 In our series of 140 
cascs tliese respect ivc figurcs were 324 (or S8.6 per cent) and 16 (or 
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ing fibrin, erythrocytes and monocytes on t lie inner aspect, and pro- 
liferating fibroblasts and lymphocytes near the periphery extending into 
an area of hyperemia. Calcification of an amebic hepatic abscess is 
considered most unusual.' 180 

Where as th e l ocation and number of amebic hepatic a bscesses may 
be variable, characteristically they arc single and occur in the right lobe 
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Faust, 110 who recently analyzed 249 autopsy cases from the Gorgas Hos- 
pital in Panama and the Charity Hospital in New Orleans, found that 
the cecum and appendix were the most frequent sites of involvement. 
Accord ingly, the right half of the colon wo uld seem to be the greatest 
source of amebic infection. On the basis of the two currents of blood 
inThe portal vein tliisTarea drains into the right lobe of the liver and 
conscquentlv there is greater likelihood of amebic localization in this 
lobe. 



Giaph VII. — Relative incidence of amebic hepatic abscess according: to location and 
multiplicity of lesions in collected and authors’ cases. 


Where as clinically amebic hepatic abscess has been considered c harae- 
teristieally single rather than multiple, varying i ncidences have been 
reportefTclependiug largely upon' analyses of c linical or a utopsy cases. 
Single ab scesses were reported by Davidson 04 in 7 5 per cent, two ab- 
scesses in 11 per cent, and m ore th an two in 14 per cent. I n analys es 
of aut opsy cases the respe ctiv e incidences of multiple abscesses f ound 
by G aide, 134 Craig, 75 Sambuc, 337 an d Mo ndon 255 were 30, 60,8, 64 .S and 
6 6 per c ent. Further demonstration of the significance of clinical and 
post-mortem studies on the incidence of single and multiple abscesses 
is furnished by the studies of Huard and Meyer-May. 174 Whereas i p a 
seri es of 150 clin ical cases multiple abscesses were foun d in only 13 (or 
S.6 per cent), m a series of 43 autopsy cases multiple abscesses were 
obs erved in 31 (or 72 per cen t). A s previously stated the o bvious cx- 
plan ation for such discrepancies lies in the fact that autopsy cases are 
likel y to have more extensive involveme nt and permit more thorough ex- 
amin ation than clinical c a ses. In a collected series of 1,609 cases, a 
sin gle abscess was present in 1.04S (o r 65 p er ce nt) and multiple ab- 
scesse s in 561 (or 34.9 per cent) (Graph VII). 417 In our series of 140 
cases tliese respective figures were 124 (or SS.6 per cent) and 16 (or 
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11.3 per cent) (Graph VJI). The higher incidence of single abscesses 
in our series as compared with the collected cases is undoubtedly due to 
(lie fact that the great majority of the former were clinical cases, whereas 
a large proportion of the latter included autopsy cases. 

Clinical Manifestations . — The onset of amebic hepatitis or hepatic 
abscess varies considerably and may be acute, subacute, or insidious 
depending upon a number of factors such as the virulence of the infec- 
tion, the resistance of the host, and others previously mentioned in 
etiology and pathogenesis. Clinical manifestations of this complica- 
tion also may develop during or immediately following the stage of 
acute intestinal amebiasis, during active or quiescent periods of chronic 
intestinal amebiasis, in healthy carriers, or in patients who have never 
had dysenteric manifestations of intestinal amebiasis. Usually clinical 
evidence of amebic hepatitis appears early in its development. How- 
ever, it should be realized that occasionally this may not become appar- 
ent until extensive involvement of the liver has occurred. 


The period elapsing between the dysenteric manifestations and the 
onset of liver involvement may vary considerably although it is usually 
from one to three months. 85 Moreover, during the interim a latent 
infection of the bowel cannot be definitely excluded. Cases have been 
recorded in which amebic hepatic abscess developed twenty, thirty, and 
even forty-three years after the dysenteric manifestations. 104 ’ 217 ’ 231 In 
some of our cases this period extended from six to eight years. 

The importance of recognizing the early development of amebic hepa- 
titis has been emphasized repeatedly. 227 ' 275 ’ 282 ' 285 ’ 28 '> 320 During this 
early period or presuppurative stage 320 there is invasion of the liver by 
amebae but true abscess formation has not yet occurred. The obvious 
significance of recognizing this period lies in the fact that the institu- 
tion of appropriate therapy may prevent progression to abscess forma- 
tion. This is exemplified by Case I reported in this communication. 


. According to B ogeis and Megaw 329 the onset during this stage may be 
considered as acute or chronic. Tn the former the clinical manifestations 
are readily evident, quite pronounced, and develop rapidly, whereas 
in the latter they are much less distinctive and develop more gradually. 
Determinations of the relative frequency of each type of onset in our 
series were made by arbitrarily considering cases in which symptoms had 
clearly developed over a period of three weeks or less, as acute, and 
those in which the duration was longer, as chronic. Accordingly, in 
(he series' of 181 cases, 68 (or 37.6 per cent) were acute and 113 (or 
62 3 per cent) were chronic. In the acute group the shortest duration 
1 ( j ay an( j (Pp average was from ten days to about two weeks, 
r^whronic -roup the longest duration was three years and the aver- 
111 L +hrce~ to six months. AVijerama 304 found in his senes of 4S 
^ t I t the duration of symptoms was from three days to six months 
San average of four weeks. 
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The clinical manifestations of amebic hepatitis and hepatic abscess 
may be divided into two groups: (1) systemic, and (2) local. Fever is 
undoubtedly the most frequent systemic manifestation. Jlanson-Balir 234 
reported the presence of fever in 85 per cent of a series of 45 cases. In 
Wijerama ’s 394 series of 48 cases fever was present in 87 per cent. Pala- 
zuelos and Berner 292 record an incidence of 89 per cent in their series 
of 74 cases. In our series of 181 eases, fever was the most frequent 
systemic manifestation, being present in 153 (or 84.5 per cent) cases 
( Graph YIII). There is some variation in the character and degree 
of pyrexia depending upon the type of onset and the presence or ab- 
sence of secondary infection and other complications. Sogers 328 states 
that in the acute forms fever is high and intermittent or remittent in 
character, whereas in the chronic types it may even be absent. In our 
series all the eases in which fever was absent were of the chronic variety. 


To 



Liver pain fever Liver Weakness Loss Diarrhea Chills .Nausea Jaundice 

■and enlarged weight and 

tenderness Vomiting 

Orapli VIII. — Relative incidence of various clinical manifestation* in amebic hepatitis 
and hepatic abscess based upon analysis of 181 cases of authors. 

Sambuc* 37 states that in 60 per cent of the cases the temperature is be- 
low 38.5° C. According to (’hen and co-workers'* 3 most of their patients 
had no fever on admission and the average temperature was 37.3° C. 
Characteristically fever is of a low grade and intermittent in character 
(Figs. 4, 7, 10, and 17). Definite hyperpyrexia which is septic in type 
usually indicates secondary infection. The majority of cases in our 
series were of the former type and only a few fell into the latter category. 

In order of frequency other systemic manifestations are weakness, 
loss of weight, anorexia, diarrhea, chills and profuse perspiration,' 
nausea and vomiting, sallowness and jaundice (Ciraph YIII). Obviously 
the incidence and prominence of these manifestations depend largely 
upon the extent of hepatic involvement and the development of see- 
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ondary infection. Weakness and loss of weight arc present in a large 
proportion of eases and may he pronounced in chronic extensive ab- 
scesses. Definite complaints of weakness and loss of weight were found 
in 55.2 per cent and 48 per cent respectively in our series (Graph VIII). 
In the more extensive abscesses loss of as much as forty to sixty pounds 
was recorded. Anorexia, nausea, and vomiting are not infrequently ob- 
served, especially in the early stages. In chronic abscesses nausea and 
vomiting are usually not prominent, and in our series were observed 
in only 22.1 per cent of the eases (Graph VIII). Chills and profuse 
perspiration are also not common in the chronic abscesses but are more 
likely to occur in the acute and subacute forms and those associated 
with remittent fever. Young 103 reported chills occurring in an inci- 
dence of 73.3 per cent in his series of cases but Manson-Bahr 23 * found 
this present in only 4.4 per cent and Peiris 302 stated that profuse sweats 
were distinctly uncommon. In a previous publication 277 the incidence 
of chills in a collected sei*ies was found to be 24.7 per cent. In our 
series of 1S1 cases they were recorded in 24.S per cent (Graph VII). 

According to some observers a peculiar sallowness or dirty yellowish 
tinge of the skin characteristically develops in amebic abscess of the 
liver. However, as previously stated, in our experience tins is more 
likely to be encountered in chronic abscess of long duration and ex- 
tensive involvement and cannot be considered as characteristic of amebic 
abscess because it is merely an associated manifestation of conditions 
producing cachexia and emaciation. Actual jaundice occurs relatively 
infrequently and when deep is indicative of hepatic destruction. In 
their critical analysis of this subject, Patino Mayer and Patai’o 200 state 
that while jaundice may he due to compression of the bile radicles by 
enlai'gement of the abscess, tin's is relatively rare and the condition 
should be most commonly interpreted as an amebic hepatosis. The in- 


cidence and degree of jaundice vary according to different reports. 
Rolleston 330 states that it is usually not pronounced and consists merely 
of a tinging of the sclera ; whereas Young 403 found it present in a third 
of his cases and Palazuelos and Leaner 2 ® 2 observed a subicteric tinge in 


27 per cent of their cases, Ludlow 218 records an incidence of only 3 to 
4 per cent, and Peiris 302 and Jayasmiya 788 report an incidence of about 
4 and 6 per cent, respectively. Others 230 ’ 251 have reported incidences 
of about 10 per cent. In our series jaundice occurred in 10.5 per cent 
° d the icterus index varied from the highest figure of 200 to the low- 
an f 5 with au average of about 38. Palazuelos and Lcrncr 2 ® 2 found 
CSt ° • „„. ies 0 f 74 cases that the van den Bcrgh was normal in 50 
111 tlC i eiviitlv increased in 34.6 per cent (6 to 20 mg. per cent), and 
definitely increased in 15.4 per cent (20 to 60 mg. per cent). 

, , rielv the fallacious impression still exists that diarrhea, 
Unfortuna • dent or an accompanying manifestation, occurs 

whether as an in ame bi c hepatitis and hepatic abscess. Tin's 

with significant liequ 
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may be explained to some extent by the fact tbat amebiasis and amebic 
dysentery are generally confused. 85 ’ 2e2, 283 ’ 2Sr As previously stated, it 
should be thoroughly realized that amebic hepatic involvement occurs 
in a relatively large number of patients who have never had a previous 
diarrhea. This is a particularly significant fact in the diagnostic con- 
sideration of amebic abscess of the liver and we have emphasized this 
repeatedly. 2 "" 278, 282, 2S5 > 287 An antecedent history of diarrhea was 
found in about 45 per cent of the series studied by Jayasuriya, 158 
Peiris, 302 and Staffieri 354 and in about 60 per cent of those analyzed by 
Manson-Balir, 234 Murray, 2598 and Thurston. 373 In a series of 966 cases 
collected from the literature only 561 (or 58 per cent) or a little more 
than one-half had a positive history of antecedent diarrhea 418 (Graph 
IX). In our series this incidence was 67 .2 per cent and the diarrhea 
was a symptom at the time of admission to the hospital in only 25.4 
per cent (Graph IX). Thus, in from one-third to almost one-half the 



Graph IX.-— Incidence of history of diarrhea in amebic hepatic abscess. 


eases history of an antecedent diarrhea will not be obtained. This is 
explained on certain anatomicopathologic features of amebic infections. 
On the basis of clinical 13 ' 84 ’ 1031 2C3 ’ 371> 398 as well as experimental 87 ’ 162, 190 
observations it has been clearly established that amebic infection of the 
large bowel may exist in the absence of dysenteric manifestations. Such 
manifestations occur most commonly in rectal amebiasis but as stated 
above it has been shown bv numerous observers that amebic lesions are 
encountered most, frequently in the cecum and ascending colon. Thus, 
the probable explanation for the relatively high incidence of amebic 
hepatitis in the absence of au antecedent diarrhea is based, as previously 
presented by us, 93 ’ 275, 387 on the frequency of localization of amebic in- 
fections to the right half of the colon and the respective differences in 
function of the right and left halves of the colon. Relatively slight in- 
fections limited to the sigmoid and rectum produce irritation and ex- 
cessive secretions of fluids with consequent dysenteric manifestations, 
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whereas similar lesions limited to the cecum and ascending- colon do not 
cause diarrhea because the fluid is absorbed in its passage through the 
uninvolvcd and normally functioning left side of the colon. In com- 
plete accord with this explanation, Sober and Dejou 330 recently reported 
a case in which autopsy studies were made and which exemplified this 
concept. 

Probably the earliest and most constantly encountered local mani- 
festations of amebic hepatitis are pain and tenderness in the region of 
the livei - . The frequency of localized pain and tenderness is revealed 
by the fact that various observers have reported its incidence in from 
75 to almost 100 per eenl. 43y In our scries those were the most constant 
manifestations having an incidence of 86.7 per cent (Graph VIII). 
Varying in character from a dull aching discomfort to a severe sharp 
pain it is usually located directly over the liver, although it may be most 
pronounced immediately below the right anterior costal margin, in the 
epigastrium, about the ninth interspace in the axillary line, or pos- 
teriorly over the twelfth rib. Not infrequently radiation to the shoulder, 
usually the right, is a prominent complaint and may be explained on 
the basis of diaphragmatic irritation. Its significance has been em- 
phasized by Manson-Bahr 234 who found it present in 44.4 per cent on the 
right and in 4.4 per cent on the left. In the latter, abscesses of the left 
lobe were present. On the other hand shoulder pain was present in only 
about one-sixth of Manson’s 232 scries, one-fifth of Jayasuriya ’s 188 series, 
and about one-twentieth of Hoard and Meyer-May’s series. 174 Simi- 
larly, in our eases shoulder pain was recorded in 16.6 per cent. Lud- 
low 218 has described a sign which he considers of diagnostic significance 
and consists of a deep-seated pain produced by a sudden thrust of the 
end of the finger on the liver. The most common point at which this 
can be elicited is about two inches below the right costal margin. 
Boccia 24 has observed subxiplioid tenderness (Castellani’s sign) as a sig- 
nificant manifestation in amebic hepatitis. 


The next most constant local manifestation of amebic hepatitis and 
hepatic abscess is enlargement of the liver. Whereas, it may not be 
obvious on phj’sical examination, most experienced observers agree that 
a varying degree of hepatomegaly is almost invariably present. Differ- 
ent observers have reported incidence of hepatomegaly varying from 
64 to 100 per cent. 234 ’ 2!l2 ’ 3CC ’ 3f>4 ’ 403 In our series of 181 eases, the liver 
W as clinically enlarged in 72.9 per cent (Graph VIII). Manifestations 
f liver enlargement arc sometimes apparent by widening of the lower 
°vht. intercostal spaces with some restriction of respiratory movement 
ng ,, • ;de an< 3 possibly some dilatation of the superficial veins. Usually 
° U L ... margin can be palpated below the right costal arch anteriorly 
, ^-.^Lion liver dullness will be found to extend higher than 


and on percussion 


anuu “ CTpriallv in the mid-, or posterior axillary line. Frequently 
normal, e.j ; e pty 0 f the abdominal muscles in the upper 

tenderness ant s 0 T; e itc(l Occasionally there may be observed in 
rierht quadrant can 
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this area a distinct localized bulging with redness and edema of the skin 
indicating involvement of the abdominal parietes.-’ 1 Associated dia- 
phragmatic pleurisy and basal lung changes on the right side are not 
uncommon and are due not only to compression of the lower portion 
of the right lung but also to contiguous inflammatory involvement. Such 
disturbances are manifested by localized pain especially on deep inspira- 
tion, a hacking nonproductive cough, dullness, diminished breath sounds, 
crepitant I’ales, and a friction rub. In some there may be signs of fluid 
in the pleural cavity. Such signs occur with varying frequency and 
obviously depend upon the extent of hepatic involvement. Wijerama 894 
reported such findings in a third of the cases and Jayasuriya 188 in 
slightly over one-lialf. 

Laboratory Findings . — The most informative laboratory pro- 
cedures in amebic hepatitis and hepatic abscess are certain blood 
studies, stool examination, and roentgenography. Of the blood 
studies the leucocyte count is probably the most significant. Various 
observers 98 ’ 238, 277 * 279 ’ - e2 - 28; ’ 328 have directed attention to the moderate 
leucoeytosis in amebic hepatitis and hepatic abscess as contrasted with 
the pronounced leucoeytosis occurring in the pyogenic forms. Moreover, 
in the former, characteristically there is not a concomitant increase in 
polymorphonuclear leucocytes. In their group of eases, Manson-Bahr 
and Willoughby 238 found that the highest leucocyte count was 25,000, 
the lowest 7,500, and the average 15,000 with no eosinophilia. They also 
observed that the lowest counts were associated with the largest abscess 
cavities. In their series of 150 eases, Huard and Meyer-May 172 ’ 177 found 
the leucocyte count to be between 10,000 and 16,000 in one-half of the 
eases and between 8,000 and 10,000 in the other half. In his study of 
73 eases, Jayasuriya 1 ' 8 found the leucocyte count to vaiy between 10,000 
and 30,000 with an average polymorphonuclear percentage of 69. 
Wijerama 394 recorded counts between 8,000 and 32,000 with an average 
of 12,000 and an average polymorphonuclear percentage of 72. These 
respective figures in the series studied by Palazuelos and Lerner 292 were 
2700, 29,000, 12,500, and 74.1 per cent. In our series these findings are 
summarized in Table I. Accordingly, it may be observed that variations 
in the leucocyte count apparently depend upon the chronicity of the 
process. Thus, while the average leucocyte count was 16,460 in the 
acute forms, it was somewhat less than 13,000 in the chronic type. Jl 
may he stated that in general as the lesion becomes more chronic the 
leucocyte count diminishes. Rogers 227 has expressed the opinion that 
high leucoeytosis indicates multiple abscesses and a bad prognosis. In 
our experience a pronounced leucoeytosis usually indicates secondare 
bacterial invasion, an observation which Wright 399 has also recently ob- 
served. This may be illustrated to some extent by the contrasting 
leucocyte counts in the amebic and pyogenic hepatic abscesses that we 
have studied. 28 ' 1 ’ 287 Thus, the average leueocvle count in acute pyogenic 
hepatic abscesses was found 1o he 26,924 whereas in amebic abscesses 
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Table I 


Blood Picture in Amebic Hepatic Abscess* 



ACUTE 

CHRONIC 

TOTAL 

Leucocytes : 




Lowest 


2,000 

2,000 

Highest 


23,000 

31,500 

Average 

10,400 

12,700 

14,300 

Neutrophiles : 




Lowest 

00% 

59% 

59% 

Highest 

97% 

95% 

97% 

Average 

79% 

75% 

78% 

Hemoglobin : 

l 


30% 

Lowest 

50% | 

30% 

Highest 


90% 

90% 

Average 

72% 

t 00% 

1 00% 

Erythrocytes : 



1,950,000 

Lowest 



Highest 



4,975,000 

Average 



3,070,000 


•Based on analysis of authors’ cases. 


the corresponding figure was 16,460. The eosinophile count in amebic 
hepatic abscess was not found significant. An associated secondary 
anemia is present in the majoritj' of cases and is more pronounced in 
the chronic forms. Thus, the average hemoglobin percentage was 72 in 
the acute cases and 60 in the chronic, while the average erythrocyte 
count was 3,872,000 in the former and 3,490,000 in the latter. 

In 1927, Craig 78 demonstrated the presence of specific complement- 
fixing properties for E. histolytica in the blood sera of persons harbor- 
ing this parasite and thus established the basis for the complement 
fixation test. Subsequent investigators * 20 fully confirmed the meri- 
torious investigations of Craig. 79 ' 82 ’ 8G - SS The high degree of specificity 
that has been demonstrated with this test and the results that have been 
obtained clearly indicate its usefulness as a diagnostic laboratory pro- 
cedure in questionable cases of amebiasis and especially in amebic hepa- 
titis and hepatic abscess. The technique which is similar to the stand- 
ard complement fixation test for syphilis with appropriate modifications 
"in the antigen has been described in a number of previous publica- 
tions . 421 Unfortunately, the difficulty experienced in obtaining a potent 
antigen has greatly hindered the routine use of this test in the clinical 
laboratory. Accordingly, as stated by Faust , 117 “Until the preparation 
of E histolytica antigen is simplified, it cannot become generally avail- 
able for the clinical laboratory.” . . 

'examination of the stools for the presence of amebae is another ini- 
/ ‘ . 1nWl torv procedure although their incidence varies consider- 
portant < ' different reports. Thus. Tao=' : ' records their presence 

•Mr ”“ r ? ” 77 7 W«.it of his eases, w(iero;is Mnnson.Unlir™ fotlnrf 
in the stoo s i ' on j y 4 4 j, cr cent and Pahizitelos- and Lcnwr 1 "- 
a positive in® en ....a ],js associates" reported an incidence 

i„ only 13.5 )» “ n V ,2™ ~ 31.2 per coni. 1 „, enlleete.l 

were reported present in the stools in -174 (or 
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11.6 per cent) and in our series of 107 eases in which the results of this 
examination were stated amebae were found in 39 (or 36.4 per cent) 
(Graph VI). As previously stated this incidence will undoubtedly be 
greatly influenced by the experience of the examiner, the technique em- 
ployed, and the repetition of examination in each case. 

Roentgenography is undoubtedly one of the most important and 
dependable diagnostic laboratory procedures in amebic hepatic abscess. 
Among the early investigators who recognized the significance of radio- 
logic examination in amebic hepatic abscess are Loison, 212 Quadroon:, " l * 
Beclere, 17 ’ 18 and others. 43 ’ 1C4 ’ 1S7 ’ 210 ’ 300 Numerous observers have di- 
rected attention to the characteristic elevation and immobility of the 
diaphragm. 98 - 205 ’ 20r ’ Accordingly, it is important to perform fluoro- 
scopic examination of the patient in the upright position. Moreover, as 
emphasized by Paneoast, 203 the presence of lung reaction is of diagnostic 
significance and when present usually indicates an amebic infection 
because these abscesses occur most frequently on the convex sui’face of 
the liver in close contact with the diaphragm. The inestimable value of 
certain characteristic roentgenologic changes in amebic hepatic abscess 
and subdiaphragmatic suppuration has been repeatedly stressed by 
Granger 144 and by us. 2 ”' 291 In uncomplicated abscess of the liver, a 
distinct bulging of the diaphragm may be observed pointing upward 
into the lower lung field in both the anteroposterior (Figs. 2, 5, and 8) 
and lateral roentgenograms (Figs. 3, 6, 9, and 11). The presence of this 
picture is considered almost pathognomonic. Moreover, it is possible to 
distinguish subplireuie abscess complicating a liver abscess from that 
due to other causes. Thus, in the former there occurs characteristically 
an obliteration of the cardiophrenic angle in the anteroposterior roent- 
genogram (Figs. 2, 5, and S), and obliteration of the anterior costo- 
phrenic angle in the lateral view (Figs. 3, 6, 9, and 11). On the other 
hand, in subpluenic abscess due to other causes obliteration of the 
costophrenic angle is present in the anteroposterior roentgenogram and 
the posterior costophrenic angle in the lateral view. Although abscesses 
of the left lobe of the liver occur relatively infrequently their presence 
has been difficult to demonstrate. For this reason the roentgenologic 
method described by Miles 2 ’ 4 is of distinct value. He has shown that 
abscesses in this lobe produce characteristic pressure deformities on the 
barium-filled stomach. The cardia and duodenal cap are displaced and 
the lesser curvature assumes a typical crescentic shape. 

The inestimable value of roentgenography in the diagnosis of amebic 
hepatic abscess is clearly demonstrated by the reports of various ob- 
servers. A positive diagnosis was obtained by Young and Bristow 404 in 
all of a series of 25 eases. Huard and Mever-May 1 ' 4 reported a positive 
diagnosis in 80 per cent of 70 cases and Palazuelos and Lerner 202 in 69 
per cent of 74 cases. In our series, there were 150 cases in which roent- 
genologic studies were made with positive diagnosis in 132 (or 88 per 
cent) . 
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Modifications in technique, presumably as aids in the roentgenologic 
diagnosis of liver abscess, have been suggested by a number of observers. 
Some have advocated aspiration of pus from the abscess cavity and the 
introduction of an iodized oil followed by roentgenologic studies. 423 Ac- 
cordingly, the size, shape, and position of the abscess may be visualized 
better and its drainage and progress controlled more satisfactorily. In 
more recent communications a number of authors emphasize the value 
of this procedure. 424 A slight modification of this technique consists of 
injecting air in addition to a small amount of lipiodol and taking roent- 
genograms with the patient in various positions. 41 ’ 105 Chung and his 
co-workers 00 believe that this permits better delineation of the abscess 
. cavity. They studied 5 cases in this manner over a period of time and 
interpreted the continued presence of lipiodol in the liver for almost 
a year as indicating that the abscess had not yet completely healed. Ac- 
cordingly they state that whereas the patient may appear clinically 
cured the loss of liver tissue consequent to the abscess is so great that 
it may require weeks or months to heal completely. Although this may 
be time, one wonders to what extent the presence of the lipiodol con- 
tributed to the prolongation of this period. Under these circumstances 
lipiodol is injected into a closed space and it is well known that lipiodol 
injected into a closed space in other parts of the body remains present 
for long periods of time. Sarmiento 330 has recently voiced his objection 
to this procedure on the basis that it is usually unnecessary and the pos- 
sibility of secondary infection may even be dangerous. Whereas under 
certain circumstances the procedure may be of diagnostic value, in our 
opinion it should not be employed routinely. Hepatography is still an- 
other method advocated and employed by some observers for visualiza- 
tion of the abscess. 30, 31f ” 401> 402 This is clone by the intravenous adminis- 
tration of thorium dioxide and the abscess appears on the roentgeno- 


o-ram as a negative shadow. As previously emphasized, this procedure 
appears unjustified in view of the present state of insufficient knowledge 
regarding the end effects of thorium dioxide, particularly in a condition 
which otherwise can be so readily diagnosed. 2 "’ = 78 ' 28r ’ 331 In 1932, the 
Council on Pharmacy and Chemistry 372 directed attention to the pos- 
sible deleterious effects of the intravenous administration of such a 
radioactive substance as thorium dioxide. Subsequently, Ihc proclivity 
\ this substance to produce damage to tissue was emphasized further 
by numerous clinical and experimental observations. 107 

i . • <p] 10 diagnosis of amebic hepatitis and hepatic abscess is 

difficult if the conditions are kept in mind and the clinical inani- 
n0t C ! a l-lmr-itorv examinations accorded due consideration. An 

Mahons an >|ww> |lg OT , si , lom ] i„ , 

amebic mi < ^ rem ittcnt or intermittent fever, pain and tenderness 

a low-gra le t* • moderate leueoeytosis without a concomitant pro- 
over the hyei aic *’ . )0 ] vrno rpliomiclear leucocytes, and K. hislolylira 
portionate liiciens j j n i f ..,] picture during or shortly after an attack 

in the stools. Such a 
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of amebic dysentery more strongly indicates the presence of an amebic 
hepatitis. However, it should be realized that even in the absence of 
intestinal manifestations the condition should be considered, repeated 
stool examinations should be done, and every attempt made to confirm 
or exclude the diagnosis of amebic hepatitis. The significance of early 
recognition of this condition has been emphasized repeatedly and lies 
in the fact that the institution of appropriate therapy during this 
presuppurativc stage may prevent progression to abscess forma- 
tion.” 3 ’ 2T '> S2!> This is clearly demonstrated by Case I re- 

ported herein. 

Whereas there is some variation in the clinical manifestations of 
amebic hepatic abscess depending upon the chronicity of the process, 
persistent hepatomegaly, pain and tenderness over the hepatic area with 
occasional radiation to the shoulder, and a daily remittent or intermit- 
tent fever of moderate degree are fairly constant manifestations. The 
presence of these symptoms and signs should always suggest the pos- 
sibility of an amebic hepatic abscess. Anorexia, loss of weight and 
strength, nausea and vomiting, profuse perspiration, and disturbed 
slumber are less constantly observed, but their presence lends further 
support to the diagnosis. The presence of an antecedent dysentery is 
confirmatory evidence but its absence is not refutatorv. It will be re- 
called that from one-third to almost one-half the patients gave no his- 
tory of a previous dysentery. The diagnosis is supported further by 
a mild leucocytosis without a disproportionate increase in polymorpho- 
nuclear leucocytes. If, in addition to such a clinical picture, the char- 
acteristic fluoroscopic and roentgenologic findings previously described 
are present, the diagnosis of amebic hepatic abscess is justified. The 
demonstration of active or encysted forms of E. histolytica is eoiTobora- 
tive evidence but their absence does not exclude the diagnosis. 

It must be realized, of course, that whereas these findings justify the 
diagnosis of amebic hepatic abscess, its establishment depends upon the 
demonstration of the characteristic chocolate sauce pus (Pig. 1). Herein 
lies the diagnostic importance of exploratory aspiration. However, the 
procedure should not be performed without thorough cognizance of its 
possible dangers. Of these the most important are (1) hemorrhage, and 
(2) extension of infection. Various investigators have directed atten- 
tion to the possibility of hemorrhage and have reported eases in which 
this dangerous complication followed exploratory aspiration of an 
amebic hepatic abscess. 425 Fatal hemorrhage occurred in over 20 of 
the reported eases according to Huard and Meycr-May; 174 Hatch 100 
and Rogers 320 have emphasized the fact that this danger is greater in 
the acute stage of hepatitis with pronounced congestion of the liver. 
Accordingly, it may lie almost entirely avoided by the administration of 
emetine for several days preceding the aspiration and thus controlling 
the associated hepatitis. As previously emphasized by us 2Sr extension 
of infection is another danger which deserves special consideration. 
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Since it is not always possible to determine clinically whether an amebic 
hepatic abscess is sterile or contains pyogenic organisms, the latter pos- 
sibility should always be assumed and the aspiration performed in such 
a manner that an uninvolved portion of the peritoneum or the pleural 
cavity is not traversed by the aspirating needle. Obviously this is not 
always possible but the consideration should be kept in mind during the 
attempted aspiration. It should be realized, also, that this is not as 
difficult in the presence of an enlarged liver containing an abscess as 
under normal conditions, for in the former the anatomic relationships 
have been changed. 

These hazardous possibilities, hemorrhage and extension of infection, 
may be avoided largely by preaspiration emetine therapy, the type of 
needle employed, the technique of aspiration, and the performance of 
the procedure in the operating room under absolutely aseptic pre- 
cautions. Emetine hydrochloride should be administered for at least 
two to four days prior to aspiration in one grain (0.06 Gm.) doses daily. 
By employing a needle not longer than 10 cm. with a calibre not greater 
than 2 mm. the danger of puncturing a large vessel is minimized. 17 ' 1 ’ =10, 233 
We prefer a short beveled needle or a trocar type with a short, fairly 
blunt point. The procedure should always be performed in the operating 
room, first, because aseptic precautions are likely to be greater and 
second, because if the abscess is found to be secondarily infected open 
drainage can be done immediately. This latter possibility can be readily 
determined by an immediate smear of the aspirated pus which will re- 
veal upon microscopic examination the presence of large numbers of 
bacteria and leucocytes in those cases in which secondary infection is 
present. Whereas general anesthesia can be employed, local infiltration 
analgesia using 1 per cent procaine hydrochloride solution is preferable. 
Nicking the skin at the contemplated site of puncture with a bistoury 
will facilitate insertion of the needle. 

The cutaneous site of puncture and the direction of the introduction 


of the needle depend largely upon the clinical and radiologic findings. 
Accordingly, in the presence of localizing signs and pointing of the 
abscess, the needle should be introduced directly over the mass or at the 
site of greatest tenderness. However, if no localizing signs arc present, 
the roentgenograms may be of guiding significance. Thus, in a case in 
which the lateral roentgenogram demonstrates the abscess in flic anterior 
.jon of the liver, the needle may be inserted just below tin* anterior 
, 1 jjyjyirin about 4 to 6 cm. lateral to Ihe midline and directed 
C °neriorlv and posteriorly (Fisr. 22). On the other hand, if the lateral 
slV P ’ , m ycvcals posterior localization of Ihe abscess, the needle 
voen genop . ntro j ucc jj ] )C p nv Ihe costophrenic angle and directed 

S,10U .- riv and anteriorly (Fig. 23). However, in those eases in which 
supeno . • Jnoro an teriorly near the dome of the liver, as oe- 

tlie abscess avoidance of the pleural and peritoneal cavities 

curs most x - • ■ ’ j )V p^arf imr the needle in the ninth or tenth 

may he accompnsneu • . 
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intercostal spaces in the anterior axillary line and directing it superiorly, 
medially, and slightly posteriorly (Pig. 24). Occasionally it may be 
necessary to puncture the liver in several different directions before pus 
is encountered. Accordingly, if multiple punctures are necessary it 
is extremely important to remove the needle entirely before reintro- 
ducing it in a different direction rather than changing its direction 
while the needle is still at its original site. In this way extensive injury 
to the friable liver parenchyma may he prevented. 

Prognosis: A number of factors influence the prognosis in amebic 
hepatitis and hepatie abscess. In addition to the relative number and 
virulence of the parasite and the resistance of the host, the most im- 
portant factors are: (1) the multiplicity of lesions in the liver; (2) 
the presence or absence of complications; (3) the presence or absence 
of secondary infection : and (4) the type of therapy employed. 



Multiple Single 


Graph X. — Mortality incidence of amebic hepatic abscess according: to multiplicity 
of lesions in 140 cases of authors. 

That multiple abscesses increase the gravity of the condition has been 
shown by a number of observers. Sambue 337 found that the mortality 
was 23 per cent in cases with single abscess, 45 per cent in those having 
two abscesses, 90 per cent with three abscesses, and 100 per cent in pa- 
tients having more than three abscesses. Of 137 cases with single ab- 
scess, analyzed by Huard and Heyer-llay, 174 23 (or 16.7 per cent) died, 
and in 13 eases with multiple abscesses the mortality was 100 per cent. 
Of 45 collected eases of multiple abscesses and recurrences Huard 170 
found that the mortality was 44.4 per cent. Similar analyses in our 
series demonstrate further the prognostic significance of multiplicity 
of lesions. Thus, the mortality in 16 eases with multiple abscess was 100 
per cent, whereas in 124 eases with single abscesses it was only 10.5 per 
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cent (Graph X). Of interest in this connection is the statement of 
Craig 8 " that, “it is doubtful if the mortality of amebic abscess of the 
liver is ever less than 25 to 30 per cent, if multiple abscess cases are in- 
cluded. ...” 

It is also to be expected that the presence of complications would in- 
fluence materially the prognosis of amebic hepatic abscess. This is 
clearly demonstrated by the reports of various observers and the results 
obtained in our series. According to Huard and 5Ieyer-3\Iay IT< the mor- 
tality in a series of 46 cases with complications was 34.7 per cent, 
whereas in a group of 104 cases without complications it was 19.2 per 
cent. This difference is even more pronounced in our series as the mor- 
tality in 39 cases with complications was 41 per cent in contrast with 
141 cases without complications in which the mortality was S.5 per cent 
(Graph XI). 
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Graph XII.- 


-Respective mortality Incidences in amebic and pyogenic hepatic abscesses 
based upon 22S cases of authors. 


The fact, demonstrated above, that the majority of amebic hepatic 
ibscesses are sterile is extremely significant in the prognostic as well as 
he therapeutic consideration of the condition. As emphasized pre- 
- ly its decisive importance is insufficiently realized. After mi 
'mebic hepatic abscess becomes secondarily infected it can no longer 
, an amebic lesion but prognostic-ally and therapeutically 

JC C 1 ■ carded as a pyogenic process. The invasive pathogenic and 

must, be re c . . ^ ^ pyogenic microorganisms differ considerably 

toxic clmva< : ^“^.'^pnimi’and limiting features of (he purely amebic 
from the re a . pontrasting mortality rates in the two conditions 
lesion of the biei. clarify. Tims, in a previously reported 

emphasize this fact with stub - 
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series of 47 cases of pyogenic hepatic abscess the mortality was 72.3 per 
cent, whereas in this series of 3 SI cases of amebic hepatic abscess the 
mortality is 16 per cent (Graph XII). As previously stated, the dele- 
terious effects of secondary infection of a sterile amebic abscess may be 
better realized if the analogy is made to the similar morbiferous change 
which occurs in a tuberculous abscess that becomes ^secondarily in- 
fected. 265 ’ 326 It is a well-established fact that the secondary infection 
of a tuberculous process greatly increases the gravity of the prognosis. 
For these reasons it is obvious that the avoidance of secondary infection 
in amebic hepatic abscess is paramount. Accordingly the type of 
therapy assumes increasing significance. In spite of meticulous care 
and scrupulous precautions to avoid it, secondary infection invariably 
follows open drainage of an abscess which is relatively sterile. Only by 



Open Operation Emetine and aspiration 


Graph XIII. — Mortality in amebic hepatic abscess according to type of therapy. 

closed drainage, i.e.. aspiration, is it possible to evacuate the abscess and 
simultaneously maintain its sterility. The striking contrast in the mor- 
tality rates obtained by various investigators who have employed the 
two methods of therapy irrefutably demonstrates this fact. Approxi- 
mately 20 yeai's ago. Rogers 320 made the observation that the mortality 
was decreased from 56.8 per cent in cases having open drainage to 14 
per cent in those treated with closed drainage. Similarly, Chatterji 50 
was able to reduce the mortality from 26 per cent in 69 eases with open 
drainage to 1.6 per cent in 186 cases with closed drainage. This is 
demonstrated more forcefully by the results in a large series of eases 
collected from various parts of the world. Thus, in a collected series of 
over 5000 eases the mortality was 43.1 per cent in those treated with 
open drainage/ 20 and 5.6 per cent in those reeeiving closed drainage 421 
(Graph XIII). These corresponding figures in our scries were 22.1 per 
coni and 3.6 per cent (Graph XT1I). Of even greater significance in 
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this connection is the consistent decrease in the total mortality rates in 
our cases during the three periods studied. This is undoubtedly due 
in great measure to the increasing employment of closed drainage. Thus, 
in the first series of 73 cases studied, the incidence of closed drainage 
was 28.7 per cent and the total mortality was 17.8 per cent ; in the second 


To 
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Graph XIV. — Respective mortality incidences in authors’ three series of amebic 
hepatic abscess as compared to incidence of employing conservative therapy. Graph 
shows that mortality decreases as incidence of employing- conservative therapy in- 
creases. 
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Tlie prognosis of amebic hepatic abscess is also influenced by the type 
of operation employed in those eases in which open drainage is indicated. 
Since these cases are secondarily infected the contents of the abscess 
must be considered pyogenic. Accordingly, the institution of that type 
of drainage which completely avoids the slightest possibility of contami- 
nation of the two virgin serous cavities, the pleural and the peritoneal, 
becomes an absolute desideratum. As we have emphasized in previous 
communications, 2 "’ 2S1 ' 287 it is obvious that if an uninvolved serous 
cavity is in jeopardy of contamination by the type of drainage used 
the prognosis is much worse, not only regarding subsequent morbidity 
but also regarding life. The results obtained in our series of eases in 
which open drainage was used demonstrate these facts with graphic 
clarity. Thus, the mortality in 24 cases with transpleural drainage was 
33.3 per cent and in 23 cases with transperitoneal 30.4 per cent, whereas 
in 15 cases drained by the extraserous route the mortality was only 6.6 
per cent (Graph XY). There were 19 cases drained by simple incision 
over the abscess with a mortality of 10.5 per cent (Graph XV). Since 
these abscesses had become attached to the parietes and thus sealed off 
the serous cavities, drainage in these cases might also be considered 
extraserous. Accordingly, the total mortality in those having extra- 
serous drainage would be 8.8 per cent contrasted with 31.9 per cent in 
those drained transserouslv. 

(To tie concluded in the April issue. The references wilt accompany the last section.) 
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Surgery of the Heart. By E. S. J. King, M.D., F2R.C.S., Major, A. A. M. C., 
University of Melbourne. Ed. 1. Bp. 72S, illustrations 2GS. Baltimore, 1941, 
Williams & Wilkins Company. $13.50. 

This monograph, fathered by a surgeon, is in many respects an unusual book. 
It essays to deal with surgical disorders of the heart from the standpoint of 
radiologic, clinical and electrocardiographic diagnosis, as well as surgical treat- 
ment. That obviously is an ambitious undertaking. Yet, the author has done this 
difficult task in a surprisingly effective manner. 

The title of the book may suggest that the book was intended primarily for 
the surgeon. Such, however, is not the case, for the treatment of the subject matter 
from the technical, operative point of view is by no means exhaustive. It is not 
a book on operative surgery of the heart, though the essential features of operative 
procedures are described. The book is described best, probably, as a pathologic 
and clinical treatise on those diseases of the heart in which surgical treatment 
may play a useful role. A number of unusual conditions, such as tumors of the 
heart and cysts of the pericardium, are described. Yet the book fails to describe 
the surgery of patent ductus arteriosus or of peripheral arteriovenous communi- 
cation which may provoke heart failure. 

There is much to commend in the monograph. Those interested in the surgery 
of the heart will find the book an extremely useful source book. 


Textbook of General Surgery. By Warren H. Cole, M.D., F.A.C.S., professor ami 
head of department of surgery, University of Illinois, and Jtobert Elman, M.D., 
Washington University, St. Louis. Ed. 3. Pp. 1 0(57, illustrations 55S. New 
York, 1941, D. Appleton-Centurv Company, Inc. $S. 


This general text on surgery has come to occupy an important place amongst text- 
books of surgery. In this, the third edition, the authors invited well-known surgical 
authorities in their respective fields of interest to review the subject matter. Un- 
doubtedly the authors got from these consulting collaborators a number of worth- 
while suggestions which have pyramided the value of the text. The monograph 
embraces the entire province of surgery. The only surgical specialties which receive 
no notice in the book are those concerned with diseases of the eye, car, nose, and 

throat. 

The text is well illustrated and appropriate bibliographic references accompany 
•1 chapter The authors, both teachers of surgery, obviously have lent a good 
““J of thought, time, and effort to compose a text which would be useful ns a 
tlea j. f or tlie general practitioner and, at the same time, meet the needs 

rC / £ *’iT C ,mder< T raduate student of surgery. Anyone who peruses the text carefully 
0f tUG *f *i, P nnthor* have given American surjjerv one of its best general texts 

will agree that tne 

in the field. 
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THE PHYSIOLOGIC BASIS FOR THE SURGICAL TREATMENT 

OF ASTHMA 

Laurence Miscall, M.D., and E. A. Rovenstine, M.D. 

New York, N. Y. 

(From the Second Suir/ica! Dumon and the Division of Anesthesia, Bellevue 

Hospital) 

F OR the purpose of this discussion asthma is defined as an abnormal 
type of respiration with labored breathing due to obstruction of the 
conducting airway system. Respiration is the total process of gas inter- 
change, with breathing only one of its several related physiologic mecha- 
nisms. Respiration continually changes to meet the varying needs of 
normal life or to accommodate for the malfunction introduced by dis- 
ease. Active inspiration and passive expiration suffice for normal quiet 
respiration and breathing is adjusted to greater normal demands by the 
chemical and reflex control of muscular activity. If the demand exceeds 
markedly the ability to ventilate, or the respiratory efficiency is em- 
barrassed by either intrinsic or extrinsic pulmonary factors, labored 
breathing occurs. In asthma the factor is intrinsic widespread ob- 
struction of the conducting airway system. Moreover, in some types of 
asthma this alteration in the normal function of the bronchial muscle 
aud mueosa is initiated by excessive activity of reflexes which follow 
definite nerve pathways. "When these reflexes originate in the lung, the 
afferent pathway traverses the sympathetic nervous system and may he 
interrupted surgically as the therapeutic measure. , 

THE RELATION OP STRUCTURE AND FUNCTION 

The transition from terminal to respiratory bronchiole separates the 
proximal conducting from the distal exchange division of the lun°\ 
Their anatomic characteristics are distinctly related to function in ab- 
normal as well as normal respiration. The epithelium gradually shifts 
from pseudostratified columnar in the trachea, and ciliated columnar 
in the terminal bronchiole, to non nucleated respiratory plates in and 

Rt*c«*i\od foi publication. July 10-12. 
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beyond the alveolar ducts. Mucous glands, numerous in the trachea, are 
absent in the bronchioles. The bronchial muscle embraces the mucosa 
from the trachea to the alveolar mouths and despite an actual decrease, 
relatively increases by the fading out of other constituents. It is most 
prominent in the terminal bronchiole where the lumen is narrowest and 
unsupported by cartilage. Distally, as elastic tissue steadily replaces 
muscle, it changes to a myo-elastie layer. The tunica propria contains 
blood vessels, nerves, elastic fibers, wandering cells, and lymphocytes. 
The bronchial artery supplies the conducting, and the pulmonary artery 
the exchange division. The bronchial artery exhibits the typical in- 
nervation and reactions of the greater circulation of which it is a part. 

The respiratory center integrates all respiratory functions. This 
formation of fibers and motor cells in the pons and upper medulla is 
especially fitted to correlate impulses from many areas. It has been 
divided into the pontile pneumotaxic, the inspiratory, and the expiratory 
(inhibito-inspiratory) centers. Impulses from the respiratory center 
adjust the vigor and rate of respiration by virtue of three character- 
istics; an automatic rhythm subject to modification by nervous and 
chemical factors; graded sensitivity to chemical stimuli; reciprocal in- 
nervation of inspiratory and expiratory centers. Automatic rhythm 
is established by chemical and nervous impulses inducing instability 
in one or several cells in the inspiratory nucleus. So-called “toppling” 
results in a burst of efferent impulses causing sustained inspiratory 
muscular contraction which Lumsden called apneusis . 1 Apneusis does 
not occur unless impulses which inhibit inspiration normally are ex- 
cluded by vagotomy and pontile section . 2 These impulses follow two 
pathways. Those from the pulmonary, stretch receptors, stimulated 
by expansion, pass in the vagi to the expiratory center and from there 
spread out to inhibit the inspiratory center. The original efferent dis- 
charge sends impulses to the pontile center which spread out to inhibit 
the inspiratory center and possibly excite active expiration. Thus, the 
center has no inherent rhythm but one dependent upon inhibition by 
either lung reflexes set up by expansion or reflexes from the pontile 
pneumotaxic center excited by the original inspiratory center discharge. 
Graded sensitivity of the respiratory center results either from the 
activitv of a variable number of cells or from changes in synaptic re- 
. ‘ rpj,; s capacity may institute any activity from quiet respiration 

t^dvspnea by quantitative control of muscular stimulation. Reciprocal 
• ‘. V ntion affects both phases of respiration. As impulses appear in 
mnei 1 fib crs t ], ev disappear in the expiratory and vice versa . 1 
inspira . an( j R allS0n 4 considered the expiratory center funda- 
PittS ’ hibito-inspiratorv after they noted that electrical stimulation 
mentally m usually inhibited inspiration but active exp i ra- 

in the inedu a f ‘ ; stiim dation only. Expiration becomes active 
tion followed » s( ; mu ]i arc sufficiently intense and after the 

when chemical 01 , from t ]„. inhibition of inspiration, 

expiratory center is ictca. 



MISCALL AND ROYENSTJXE: SURGICAL TREATMENT OF ASTHMA 497 


The respiratory center is affected by numerous chemical and nervous 
stimuli. It is so specifically sensitive to carbon dioxide that hyperpnea 
follows any slight increase in its concentration. Anoxemia, however, 
causes hyperpnea primarily through chemoreceptor reflexes rather than 
by central action. Although these reflexes do not regulate normal 
respiration since anoxemia is rarely severe enough, they may reflexly 
drive it in abnormal states when circumstances are sufficiently adverse 
to directly depress the center. Such hyperpnea may further impair 
the functional capacity of its neurons already depressed by local 
hypoxia. The consequent reduction of blood carbon dioxide lowers 
specific stimulation and contributes to cerebral vasoconstriction. Al- 
though carbon dioxide normally regulates respiration, intra- or extra- 
pulmonary reflexes are important since they may alter the respiratory 
pattern without evident blood chemical changes. While the Hering- 
Breuer reflexes and those reflexes from aortic and carotid zones are con- 
sidered essential to the automatic control of respiration, others attain 
importance only in defective states like asthma. Definite anatomic 
pathways and physiologic effects have been demonstrated frequently 
for these respiratory reflexes. The sympathetic and parasympathetic 
divisions of the automonie nervous system each contribute both afferent 
and efferent elements to the lungs where Ranson and Billingsley 5 found 
a wide variety of nerve structure. 

Parasympathetic afferents run centrally in the vagus to the nodose 
ganglia, which most writers agree contain the cell of origin. Chase and 
Ranson 0 noted that these typically large sensory fibers disappeared from 
the vagus below the pulmonary rami. By vagotomy and degeneration, 
Larsell and Mason 7 showed that these came principally from the homo- 
lateral lung. Following the vagus rootlets and fasciculus solitarius they 
terminate in the nucleus of the tract us solitarius on cells which send 
fibers to the motor nuclei over the reticular formation. A reflex in- 
volving this pathway would traverse three neurons : a primary visceral 
afferent of the vagus; a secondary afferent with its cell in the nucleus 
of the traetus solitarius; a visceral efferent with a cell in the visceral 
efferent column . 6 Head’s 8 study of the distribution of sensory spinal 
fibers through sympathetic pathways placed the lung supply from the 
upper five thoracic nerves. These originate in cells in the dorsal cerebro- 
spinal ganglia . 9 - 50 - 11 not the sympathetic, and enter the sympathetic 
chain mainly in the upper three white rami . 12 Mollgaard 12 outlined 
their course over the vagus, ansa subclavia, stellate ganglia, and white 
rami to cells in the cerebrospinal ganglia of the upper three thoracic 
nerves. Their central processes pass to the dorsal horn and ascend or 
descend in the cord. Additional definite evidence indicates that many 
sympathetic afferent fibers reach the chain either directly or over the 
cardiac accelerator nerves . 54 - 55 This pathway is easily traced and does 
not involve the cervical sympathetic trunk . 11 The lack of degeneration 
after vagotomy supports the sympathetic origin of these fibers which 
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traverse mainly the stellate, second and third thoracic ganglia, and white 
rami in reaching the cord.' Efferent parasympathetic fibers originate 
in the dorsal vagal nuclei and follow the vagus through the nodose 
ganglion to the lungsras preganglionic fibers. Larsell and Mason, 7 after 
vagotomy in rabbits, concluded that the majority of this motor supply 
was homolateral with minor cross-over in the posterior pulmonary 
plexus. Mollgaard 13 considered all of these efferent fibers either broncho- 
motor or secretory in function and further subdivided the broncho- 
motors into constrictors or dilators. This division is definitely open to 
question. The efferent sympathetic fibers from the intermediolateral 
cell column pass as preganglionic fibers via the white rami of the upper 
five thoracic nerves to the sympathetic chain. Mollgaard 13 believed that 
these fibers reached the vagus of the same and opposite side through the 
stellate ganglia and ansa subclavia and were vasomotor only. However, 
it has been proved that these fibers reach the lung directly or over the 
accelerator nerves and that they are not entirely vasomotor in function. 15 
Rasmussen has supplied a diagram which graphically illustrates a con- 
ception of some of these pathways. 10 Larsell 17 has carefully described 
the sensory pulmonary terminations of these nerves and closely linked 
their location and structure to function. For example, at the division 
of the bronchi, bulbous nodules seem responsive to tactile irritation. 
In the respiratory bronchioles and alveolar ducts the thickened epithelial 
nodules seem fitted to react to the pressure stimulus of collapse. The 
most distal thinly encapsulated receptors in the alveolar walls and 
mouths are sensitive to distention. The sensory endings initiate all re- 
flexes of pulmonary origin traveling the pathways already enumerated. 
The typical arrangement of preganglionic motor fibers to ganglia and 
postganglionic fibers terminating on smooth muscle cells, described by 
Ploschko 18 for the trachea, applies to the bronchi also. Clusters of 
"anglion cells along the bronchi contain large nerve trunks having 
mvelinated and unmyelinated fibers. Although most motor fibers are 
postganglionic, some leave the nerve trunks and go directly to muscle 
cells near the nuclei. It is not unlikely that these originate in cells at 
some distant source outside the lung. Since ganglion cells have not 
been found beyond the larger bronchi, the nerve bundles must carry 
sensory and both motor and inhibitory fibers. This anatomic variation 
1 sclv parallels the marked difference in physiologic type of fibers found 
h ^Carlson and Luekhardt 10 in the pulmonary nerves of different nni- 


V -tensive experimental evidence indicates that impulses over these 
1 tl pathways markedly affect respiration. Those normal impulses 
andotne I • j m01)arv conducting system primarily are almost 

which invo\ ^ jn eou ^ ( , nn d reflex in type. Their hyperactivity 
exclusive • p v s eelion and stimulation of nerve endings, 

is the basis o as i ^ ^ ixon ;m q -Raiison' 7 outlined these reflexes 
Dixon and Bro ( 1 peripheral and a secondary central respira- 
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tory effect. They found with other factors constant that ventilation was 
measurably altered by any change in either the elasticity of the lungs 
or the resistance offered by the trachea, bronchi, or alveolar ducts. To 
stabilize elasticity, they eliminated variations in capillary blood, effusion, 
and secretion and studied the element of resistance. Muscular con- 
traction appeared much more effective than mucosal edema and con- 
gestion in constricting the conducting lumen and increasing the resist- 
ance. By recording the changes in intratracheal pressure, airwave 
amplitude, and the phasic rate of respiration, they collected fundamental 
information on these reflexes which affect the lungs directly. Broneho- 
consti'iction which decreases breathing, followed excitation of the distal 
ends of the cut vagus by stimulating motor constrictor Abel's. These 
fibers, which originate in the dorsal vagal nucleus and supply the lungs 
over both vagi, are mainly homolateral in distribution but may cross com- 
pletely. Similar constriction followed excitation of these endings by the 
parasympathomimetic drugs, muscarine and pilocarpine. Constriction 
is absent after nerve degeneration or atropinization. Vagal stimulation 
relieved constriction from pilocarpine by exciting a dilator reflex 
afferent in the vagus and efferent in the sympathetics. 15 Their con- 
clusion that this vagal constricting action exerted no tonic effect on the 
bronchi may not be justified. These impulses induce a return of tonus 
during normal expiration and are significantly hyperactive in asthma. 

Dixon and Banson 15 studied the bronchodilator nerves in their re- 
investigation of the subject. Bronchial dilatation which increases 
breathing almost invariably followed stimulation of the peripheral ends 
of cut sympathetic fibers distal to the stellate ganglion. This contrasts 
sharply with the constriction from similar vagal stimulation. The motor 
dilating fibers, very few of which travel in the vagus, originate in the 
intermediolateral cell column and traverse predominantly the upper 
white rami to the sympathetics and stellate ganglia. Similar dilatation 
follows adrenalin excitation of the motor dilator endings or atropine 
paralysis of the motor constructor endings. 

These efferent components have been linked to definite afferent arcs 
1o complete the patterns of bronchial reflexes. Reflex bronehodilation 
followed stimulation of afferent fibers in the central ends of the sectioned 
vagi. This afferent impulse traverses the vagus to the medulla, descends 
in the lateral columns, and leaves the cord as an efferent impulse over 
the white rami of the upper three thoracic nerves. It reaches the lungs 
via the stellate ganglion but not entirely through the cervical sym- 
pathetic or cardiac nerves, since their section does not abolish it but 
high eervieal cord section does. Stimulation of the central end of the 
cut accelerator nerves produces reflex constriction by impulses afferent 
in them and through the cervical sympathetics, stellate ganglia, and 
cord to the medulla. They excite, in motor nerve cells here, constrictor 
impulses efferent in the vagus. The vagus also contains a few afferent 
elements, the central stimulation of which causes bronchoconstriction. 
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These impulses are afferent and efferent in the vagus, section of which 
on the opposite side abolishes the reflex by interrupting the efferent limb. 
The profound significance of this mechanism is emphasized in the later 
discussion of sympathetic nerve block. 

Numerous impulses which do not influence the respiratory cycle by 
any action on the pulmonary conducting system arise in widely sepa- 
rated areas. They are not exclusively autonomic in course but may 
follow such pathways. Their hyperactivity is a contributory factor in 
asthma. Head, 20 in 1889, recorded the contractions of the diaphragm 
as a means for investigating such afferent vagal impulses. Vagotomy 
induced a long contraction (inspiration) from increased tonus of the 
diaphragm. The chest assumed the inspiratory position with slower 
and deeper breathing which quickly returned to normal with the char- 
acteristic response to carbon dioxide. The increased tonus wore off or 
was lost after section of the efferent pathway in the phrenic nerves. 
Vagotomy temporarily increased the strength and duration of tonic 
and rhythmic inspiratory effort by obliterating the activity of normal 
vagal impulses which actually depress inspiratory effort. Similar reflex 
effects are conducted over extravagal paths. Gault and Scott 21 found 
that double vagotomy slowed respiration and prolonged inspiration, 
while low cervical cord section merely prolonged expiration. Combined, 
they lengthened both phases with slowing of respiration. Coombs 22 
noted a decrease or cessation of costal respiration with a change in 
rhythm after dorsal root section. Coombs and Pike 23 observed that the 
slower respiration of double vagotomy was equally altered by section 
of either the dorsal roots or the corpora quadrigemina at the inferior 
colliculus. They, like others, concluded that the intercostal muscles 
excited afferent impulses which ascended over the dorsal roots and 
cord to the mesencephalon. However, it must be realized that dorsal 
root section also interrupts important afferent pathways from the lungs. 

Head 20 clamped the trachea in different phases of breathing and re- 


studied the reflexes first described by Hering and Breuer in 1868. Lung 
distention inhibited diaphragmatic contraction (inspiration) with a 
cause normally occupied by relaxation (passive expiration). This pause 
was broken by a longer and stronger inspiration induced by the mount- 
in 0- carbon dioxide of asphyxia which overcame the nervous inhibition. 
Pulmonary collapse provoked a normally spaced inspiratory contraction. 
This was strong and prolonged since the clamped trachea prevented lung 
]■ tention which normally inhibits inspiration reflexly. These reflexes 
CIS d quantitatively with extremes in either phase. The impulses 
C .' a,lr ' „,.a tiffin lion inhibited inspiratory contractions much longer than 
1 This was not due to ovcrvcntilatum since the use of pure 
norma . ;) p cr p Abnormal collapse produced by sucking air 

hydrogen caused immediate and vigorous inspiratory contrac- 

from the 1 ^; sua ij zc d the vagus as the afferent pathway since its 
tions. l‘ c:U ‘ ( j iCSC re flcxes. Harry, 5 " using similar methods, felt 
section obliterate 
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that the inspiratory stimulus from the collapsed lung did not travel in 
the vagus. In the eat with the vagi and stellate ganglia excised, he 
found a definite decrease in the ui’ge to inspiration. Moreover, it was 
completely abolished by cervical cord section but unaffected by va- 
gotomy. He concluded that the impulse to inspire followed two routes 
to the cord. Those from the chest wall followed the somatic nerves, but 
those of pulmonary origin were transmitted over the sympathetics, 
stellate ganglia, and through the white rami to the upper three dorsal 
roots mainly. Both continued in the cord to the respiratory or other 
centers. 

Larsell and Burget 23 elicited a forced type of expiration with polyp- 
nea by stimulating the tracheal and bronchial- mucosa. The expiratory 
muscles were fully activated by a reflex which they believed was afferent 
in the vagus since its section abolished the response. Similar reflex 
activity involving both expiratory effort and bronchial constriction is 
commonly seen during bronchoscopy. Craigie , 20 with similar methods, 
obtained spasticity and irregular apnea from inspiratory inhibition. 
Finding vagotomy without effect, be concluded that these afferent im- 
pulses rose over the sympathetics and cord. Similar stimulation of the 
mucosa of the nose, pharynx, larynx, and trachea reflexly inhibited ex- 
piration over pathways in the trigeminal, glossopharyngeal, superior, 
and recurrent laryngeal nerves. 

Normal respiration is the activity integrated by the normal impulses 
over these pathways. Impulses from the center efferent in the somatic 
nerves stimulate the inspiratory and inhibit the expiratory muscles. The 
tonus of the bronchial muscles likewise is inhibited during inspiration 
by efferent impulses over the sympathetics. It is restored during expira- 
tion by the uninhibited constricting impulses efferent in the vagus. This 
nervous control of broneliial tonus, which Macklin 27 considered reflex, 
changes the diameter and length of the bronchi and bronchioles. Thus, 
the capacity of the conducting system alternately increases with inspira- 
tion and decreases with expiration, and the major portion of the tidal 
air and vital capacity depends upon the maintenance of this flexibility. 
Relaxation permits adequate filling of the conducting portion. Tonic 
contraction diminishes vitiation of the next inspiration because it 
smoothly reduces this dead space without trapping alveolar air. Since 
the cross-section of successive branches of the conducting system is al- 
ways larger than the parent stem, even with a decrease in individual 
size, and since the caliber of the exchange duets steadily increases, the 
air current gradually slows. This slowing in the expanded conducting 
system aerates the alveoli and aids simple gas diffusion. However, the 
flexibility of the conducting system not only controls aeration, but also 
regulates the number of alveoli open for aeration. Since the capacity of 
the respiratory division depends primarily upon the number of alveoli 
aerated rather than upon expansion and contraction, adequate blood 
gas interchange, although a function of the respiratory division, depends 
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directly upon 1 lie conducting division. As the lungs distend, the sensory 
stretch receptors activate afferent vagal impulses which normally end 
inspiration by inhibiting it. Expiration occurs passively in this in- 
hibited phase. In the hyperpnea of exercise the entire lung dilates 
temporarily, which, in the conducting system, increases midcapacity as 
the loss of bronchial excursion decreases vital capacity. In the respira- 
tory portion the residual air increases because a maximum number of 
alveoli is maintained open. The retention of flexibility has, therefore, 
a direct effect on pulmonary efficiency. 


ASTHMATIC RKSI’IKATIOX 


In asthma gross malfunction occurs as abnormal impulses are initiated 
in the normal pathways. These abnormal impulses cause the replace- 
ment of normal bronchial flexibility by abnormal bronchial obstruction 
which in the conducting airway system is principally an expression of 
altered bronchial muscle function. Excessive stimulation of sensory 
endings in the bronchi excites afferent impulses which travel to the cord 
in the sympatlietics either directly or via the stellate ganglia. After 
ascending in the cord to the region of the fasciculus solitarius, they 
stimulate in vagal fibers the efferent impulses of broncho-constriction. 
Irritation of other sensory areas may initiate similar reflex constriction. 
From the mucosa of the nose, pharynx, and larynx afferent impulses 
follow the olfactory bulb, glossopharyngeal, superior, or recurrent 
laryngeal nerves, but the efferent pathway remains in the vagus. The 
intensity of sensory irritation and the sensitivity of the receptors in- 
fluence the degree of obstruction by controlling the number of the 
efferent constrictor discharges. Since these do not suffice to explain the 
relief observed after unilateral block or operation, it appears that some 


threshold of central afferent stimulation must be exceeded before con- 
striction becomes evident clinically. With sufficient intensity abnormal 
spasm may result, and at the terminal bronchiole where constriction is 
normally greatest, it may partially or completely obstruct the airway. 
Incomplete relaxation reduces the ease and extent of inspiration. In 
expiration excessive tonus traps air distal to this point in the respiratory 
portion of the lungs, and the residual air rises. Thus in inspiration the 
tonicity of the bronchi with little flexibility reduces ventilation and 
diffusion, while in expiration by trapping of air and obstruction of 
1 r li it increases vitiation. If the bronchial tonus is severe, some 
3 V T C °ij may i, e completely shut off from gas exchange. The blood pass- 
a ' ' V t] iesc j s no t aerated and tends to reduce the effectiveness of 
ingt nou^ portions of the lungs. If the obstruction persists, 

aeration t j ie compromised conducting airway contribute to the 

factors o iei reS ph- a tory pattern. They are secondary to the ob- 

alteration o^ - ases 0 f breathing and exert their action on the extra - 

stniction to 0 ^ 01 , y apparatus. Inspiration becomes extremely active 

pulmonary lespua • j^j, mav be maximum. Tlicir intensity, 
from central disctmi^s 
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though influenced largely by hypercapnia, may be affected by somatic 
reflexes not unlike those of exercise. This activity does not originate in 
the lungs since experimentally it follows only marked collapse. Inspira- 
tion is characteristically short because of prompt inhibition. The ab- 
normal distention initiates over the vagus a continuous stream of afferent 
inhibitoinspiratory impulses which are augmented by any further in- 
spiratory effort. Head 20 showed that such prompt inhibition by extreme 
distention was followed by an abnormally long pause occupied by passive 
expiration. In asthma, however, expiration is active throughout this 
period since the air must be expelled through a markedly constricted 
conducting system. This excitation of expiration is a part of the pre- 
ceding inhibition by impulses which have sufficient intensity to spread 
out as exeitoexpiratory stimuli. If all these conditions progress, carbon 
dioxide and oxygen may reach levels in the blood at which carotid sinus 
or similar reflexes must supply the drive to respiration in the presence 
of failing central neurons. 

Breathing assumes a different form if asthma has produced permanent 
structural changes in the lungs. Rupture of the septa in emphysema, 
the common end result of asthma, alters the pulmonary reflexes. In- 
spiration is almost continuously stimulated by impulses excited in the 
pressure receptors by the collapse of the septa. The inadequacy of 
stretch receptor stimulation in the collapsed septa and the slight ex- 
pansion of the lungs inhibit inspiration poorly. Asthma becomes fixed, 
much as hypertension, when acute attacks aggravate the compromised 
respiratory system. Other predominantly vagal effects, similar to the 
reaction of bronchial muscle, may contribute to obstruction. Mucosal 
edema, vascular congestion, and excessive secretion commonly oceur in 
clinical asthma, but changes in pulmonary circulation do not appear to 
be prominent primary factors. 

THE CLIXICAL TYPES OF ASTHMA 

This concept of asthma is supported by the common division of this 
syndrome into clinical types. In one, definite allergic sensitivity is ex- 
hibited in various degrees. The acute rhinitis of early hay fever dis- 
plays an increased sneeze reflex, but in more severe cases minimal 
wheezing or typical asthmatic breathing may occur. In the larger por- 
tion of this group, breathing is obstructed principally by mucosal edema 
congestion, and increased secretion. It is worth noting here that svm- 
pathetie denervation by upper dorsal gamdioneetomy produces similar 
changes in the nasal mucosa which persists for some time. Dnrino- 
asthmatic attacks insufficient sympathetic activity likely produces conu 
parable changes in tiie bronchi. Any spastic element of obstruction is 
a reflex from the upper respiratory tract or a direct effect on muscle. 
The common relief from atropine in early eases indicates that anv direct 
spastic action on sensitized bronchial muscle is relatively unimportant 
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The ability oi tlie.se mucosal reactions to produce obstruction is clearly 
illustrated by the clinical features of angioneurotic edema. 

The other large asthmatic group manifests no distinct allergy but is 
usually associated with recurrent infection in some portion of the re- 
spiratory tract. The irritation from 1 his infection stimulates the re- 
ceptors which initiate the reflexes of constriction afferent in the svm- 
patheties and efferent in the vagus. The bronchus is not always the 
point of origin of this reflex. Sinusitis or other forms of upper respira- 
tory infection which commonly recur in the presence of abnormalities 
frequently precipitate such reflexes. However, infrapulmonary in- 
fection usually initiates this reflex which is always efferent in the vagus. 
Any direct muscle sensitization must be minimal since skin tests are 
usually not markedly positive. In all these reflexes the sensory receptors 
are either sensitized or overstimulated, or the central threshold is 
lowered. Although the severity and persistence of attacks indicate that 
spasm is the most important factor, edema, congestion, and increased 
secretion certainly are present always. 

Numerous pharmacologic studies demonstrate the essential hyper- 
activity of the autonomic nervous system in asthma. Atropine and 
scopolamine dilate bronchi and reduce secretion by paralysis of the 
motor parasympathetic endings. Dixon 28 found that pilocarpine and 
cserine constricted bronchi and increased secretion by stimulating these 
endings. Sollman and Gilbert 29 observed that the constriction from 
parasympathetic stimulants was blocked by atropine. Adrenalin dilates 
bronchi by stimulation of the motor sympathetic endings which inhibit 
constriction. Any effect upon the mucosal changes depends upon 
bronchial vasomotor action. Studies on bronchiolar response to anes- 
thetic agents and related drugs yield similar data. 30 Ether, chloroform, 
and vinethene, which relax bronchi, have been shown to stimulate the 
svmpathetics. 31 Ethylene and nitrous oxide have no significant effects. 
Cyclopropane produces constriction. In all instances the constrictor 
response was enhanced by eserine and prevented by atropinization. The 
frequent occurrence of lower respiratory tract obstruction during cyclo- 
propane anesthesia in patients with asthma or hay fever indicates the 
hyperactivity of the motor parasympathetic system, which is readily re- 
versed by intravenous atropine or by changing to a sympathetic dilating 
a«ent such as ether. 32 The barbiturates have a bronchoconstrictor ac- 

^ 011 ‘ the principle of therapy 

. tionale of the surgical treatment of asthma rests upon these 

‘ , j ar g e group of so-called infective bronchial asthmatic 

concepts, n a p e rgic manifestations and little benefit from de- 

subjects iaun D ^ j ias | jeen mos t useful. Since the spastic factor in 
sensitization, sul “ ‘ reflex originating in the bronchi, which is afferent 
these cases mvon and efferent over vagal paths, sympathectomy has been 
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advocated. The afferent path over the stellate and upper thoracic sym- 
pathetic ganglia has been interrupted by block or excision in a large 
number of patients, and the results form the basis of this report. The 
effectiveness of operation depends upon complete interruption of the 
afferent portion of the reflex of constriction. Although Leriche and 
Fontaine 34 and others 33 ’ 30 have observed relief from stelleetomy alone, 
the sensory pathways from one lung are more effectively eliminated by 
additional section of the upper thoracic sympathetic ganglia. Such 
wide resection abolishes at least one-half of those afferent impulses from 
the lungs, which in the presence of a lowered central threshold produce 
constriction. It does not disturb the normal afferent impulses in the 
vagus. Interruption of the dilator motor sympathetics by this pro- 
cedure is evidently unimportant since their activity before operation 
has not inhibited attacks with maximal constriction. The failures of 
this method of treatment have been largely in patients whose long- 
continued asthma has caused emphysema. Three patients subjected to 
simple unilateral procaine block had immediate onset of status asth- 
matieus. Previously cited work indicates that this procedure removed 
a large part of the inhibition of reflex constriction which in these 
patients is both afferent and efferent in the vagus. 

In the allergic group desensitization is the method of choice. It is 
not unlikely that mucosal changes and possibly direct action on muscle 
play major roles in the obstruction. If the constrictive element appears 
prominent but dependent upon a reflex of extrabronchial origin related 
to infection, the local condition should be corrected. This may indicate 
the removal of abnormalities such as polyps or treatment of sinusitis or 
other foci of irritation which initiate the reflexes. Although the afferent 
limb of these constrictor pathways varies, the efferent is always in the 
vagus. If this therapy does not obliterate obstruction, the posterior 
pulmonary plexus resection advocated by Rienhoff 37 may offer the only 
method of relief. However, this procedure disturbs reflexes which may 
be essential to normal respiration. 

Each patient has been studied extensively before acceptance for 
surgical treatment. All patients had required frequent hospitalization 
for intractable asthma which had failed to respond to any and all treat- 
ment. Severe bronchospasm after diagnostic lipiodal installations 
demonstrated little more than extreme sensitivity of the bronchial 
system. Preoperative bronchoscopy revealed typically allergic mucosa. 
In every case bronchial irritation was considered the origin of reflex 
constriction. Through functional respiratory studies, the degree of 
pulmonary lability has been determined by obsen-ing the effects of 
bronchodilator drugs and nerve block on the vital and breathing ca- 
pacities and residual air. The observed improvement is an acceptable 
index of the result that can be expected from interruption. Using these 
criteria, the following experience with nerve block and ganglionectomy 
is reported. 
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Interruption ol sympathetic ));i Hi ways from 1 he fnn by nerve block 
has been lonnd most nselul as a diagnostic and prognostic procedure in 
llie llierapy ol asthma. By no oilier method can one be certain that 
(lie reflex producing broiiebospasin originates in (he Jungs and traverses 
the aflcrent pathway to be interrupted. 3 1' this origin cannot be con- 
clusively established, no basis for neurolytic or surgical interruption of 
the upper dorsal sympathetic pathway exists. Asthmatic patients re- 
quire special preparations for this procedure. Barbiturates are not 
used because of the bronchoconstrictor effect. Morphine which may 
raise dangerously the threshold for respiratory center stimulation is 
avoided. Scopolamine in doses which do not cloud the effect of block 
may be used. Thoracic sympathetic nerve blocks are completed with the 
patient in the sitting position to facilitate respiration. The posterior 
approach for stellate block and the standard technique of Labat for the 
thoracic ganglia is recommended. An effective nerve block in this region 
is indicated by the presence of a homolateral Horner’s syndrome and 
temperature increase with anhidrosis in the affected area. Five cubic 
centimeters of 1% per cent procaine solution in normal saline are in- 
jected at each ganglion. A Cler ten minutes, if the block is effective with 
recession of symptoms, 3 e.e. of absolute alcohol are deposited. It should 
be emphasized that successful sympathetic block may precipitate status 
astlimaticus in a small minority of patients. Interruption of the motor 
sympathetic dilator pathways in these patients leaves the motor vago- 
vagal pathway completely uninhibited. Alcohol injections are never to 
he completed under these circumstances. Therapeutic procedures such 
as endotracheal intubation to provide oxygen or intravenous atropine 
may he needed to sustain these patients for the duration of the procaine 
anesthesia. The stellate is blocked shortly before the thoracic ganglia, 
since the majority of sympathetic pulmonary pathways pass through 
it A favorable block is often dramatic. The patient experiences the 
sensation of easier breathing and respirations tend to become more nor- 
mal. Coughing and copious expectoration may follow after several 
minutes. Most patients complain of dizziness and become pale. Syn- 
cope which is not uncommon, is attributed to dilatation of cerebral 
vessels. Such dilatation has been observed after experimental stellate 
block with procaine while the dura was open during intracranial op era - 


^Pneumothorax, which is a risk in any thoracic nerve block, is a 
. ,, fatal hazard in the asthmatic patient because it is usually 
poten m ^ j ?0] . ^ reason nerve block in the status stage is not 

tension ni ^ shoul( j p c completed during a milder period. If it is used 
advocated. 0 f status, as has been done in a few eases, 

th hTS” 1* m^nized. 

the risk oi - c or neurolytic injections of various types have 

Ninety-five a llCS e ntv-two patients. Twenty-four bilateral stellate 

been completed xoi - 
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blocks were completed for seventeen patients, fourteen of whom had 
satisfactory sympathetic paralysis. Twelve had definite improvement. 
Bilateral stellate block was discontinued after a death during the pro- 
cedure was experienced. This might he explained by the observation of 
Cromer and Ivy 38 who have reported that bilateral stelleetomy sensitized 
the respiratory center to the impulses rising in the vagus nerve and 
caused respiratory paralysis. Twenty-eight unilateral stellate blocks 
have been completed for twenty-five patients. The right was satis- 
factorily infiltrated for eighteen patients and the left for two. Sixteen 
of the twenty patients were improved. The right stellate, second and 
third thoracic sympathetic ganglia were blocked for eighteen patients. 
Fifteen were improved. The right stellate and second, third, and fourth 
thoracic ganglia have been blocked for four patients and for two others 
the fifth was included. Four of these 6 patients successfully blocked 
were improved. The present practice is to block the afferent sym- 
pathetic pathway at the stellate and second and third thoracic ganglia 
on the right side. 

In the entire group of sixty-one patients whose afferent pulmonary 
svmpatheties were successfully blocked, immediate improvement was 
noted in forty-seven (78 per cent). Although many of these patients 
could not be followed for an extended time, complete relief has been 
observed in some for a maximum of thirteen months while in others 
symptoms have returned in from two to four months. Since nerve block 
was not effective therapy for prolonged periods, ganglionectomy has 
been performed. Surgical resection of the stellate and upper thoracic 
pulmonary svmpatheties was limited to patients who had definite benefit 
from block. One patient in whom stellate block precipitated an acute 
attack had some relief from procaine block of the vagus in the neck. 
Then posterior pulmonary plexus resection was completed on one side, 
but no estimate of the result can be made until the other side is sub- 
jected to operation. 

OPERATIVE PROCEDURES 

Fiber given by the carbon dioxide absorption technique with an oral 
endotracheal airway in place has been utilized for anesthesia. Extra- 
pleural resection of the svmpatheties has been attempted. An incision 
is made between the vertebral border of the scapula and the spine. The 
muscles are divided and short segments of the upper ribs removed sub- 
periosteally. The ribs are cut as near the spine as possible and prefer- 
ably removed with some of the transvei-.se process, particularly of the 
second and third vertebrae. The parietal pleura is mobilized sufficiently 
to visualize the vertebral artery. The stellate ganglion can then be 
easily identified with the branches which pass around the artery to the 
inferior cervical ganglion. After these are clearly identified they are 
divided as high ns possible. The chain is then excised, being careful not 
to injure the biaohial plexus. The excision of the chain is completed 
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to below (be (bird or fourth ganglion. The lung is t hen inflated and 
the wound closed in layers with a catheter in the extrapleural space to 
prevent trapping of air. It is extremely difficult not to rupture the 
pleura in mobilizing it. If ruptured, it should be opened widely to pre- 
vent tension pneumothorax which is rapidly fatal to these patients. 

A persistent Horner's syndrome which developed in all patients did 
not unduly hinder them. It has gradually improved but never cleared 
completely. On the operated side the nasal mucous membrane becomes 
succulent with a marked increase in secretion, mild dilatation of the 
blood vessels, and considerable edematous swelling. Whether this is 
related in any way to the cessation of the symptoms of sinusitis, which 
some of these patients have noted, is not clear at this time. The reaction 
to adrenalin, either by injection or topical application, seems to he 
roughly the same on both sides. Skin temperature rises (10 to 12° F.) 
have been observed invariably on the operated side. This has persisted 
for more than eighteen months in some cases. All except two patients 
have had unilateral sympathectomy which is usually sufficient to obtain 
a good result. 

Twenty-one patients have been subjected to operation. The immediate 
relief previously observed from nerve block was increased by surgical 
section since there is more effective interruption of the afferent path- 
ways. All patients exhibited additional gradual improvement, probably 
from the delayed clearing of the lungs, aeration of more alveoli, and pos- 
sibly adrenalin sensitization. They have been observed for a minimum 
of three months and a maximum of two years. All have had complete 
relief of asthma since operation. None have needed bronchodilator 
drugs despite the fact that most of the patients have not known where 
"to stick the next shot” since they were so sore from almost constant 
medication. This is not unexpected since only patients having good 
response to block have been submitted to operation. 

A detailed report of the techniques for nerve block and surgery to- 
n , ether with a complete account of the results obtained is in preparation. 

SUMMARY 


1 The breathing in some types of asthma is the response to exag- 
gerated reflex activity in pathways that carry normal respiratory re- 

rev j ew of the pertinent anatomic and physiologic evidence is 
• " 1 construct these reflex pathway patterns. The excursion in the 
C . , . r conducting airway system essential to normal breathing 
vespiratoij- ^ ’ t ion and constriction of the bronchial muscles 

involves marked leiaxauu 

, ov not he reflex m type. 

which m< . . a - j,i tvpe, that produce both constriction and dilatn- 

3. Impulses, rel ™f N , \ ’ clearly demonstrated in these pathways, 

tion of the bronchi have 
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The reflex of constriction is afferent with the sympathetic division of the 
autonomic nervous system and effeient in the vagus nerve. The reflex 
of dilatation is afferent in the \agus and efferent in the sy mpatlieties. 
It is inhibitory in type. 

4. The reflex afferent impulses of constriction travel predominantly' 
over fibers in sympathetic pathways which may be interrupted at the 
stellate and second, third, and fourth thoracic ganglia. 

5 Bronchial asthma preeipiated by recurrent infection in the bronchi 
is dependent, not unlikely, upon excitation of this reflex of constriction. 
It can be benefited by interrupting this reflex before damage to the 
hums has become irre\ ersible 

6 Blocking the pathway of this reflex is the most reliable method for 
determining its pulmonaiy origin If such origin is not demonstrated, 
no indication for interruption of the pathway exists Furthermore, 
lien e blocking is useful to differentiate the types of asthma. 

T The application of neither anesthetic nor neurohtic solutions has 
resulted in peimanent interruption of these pathways The lesults 
fiom surgical excision base been more complete and permanent. 

8 The experience of this study demonstrates that surgery is an im- 
portant merited therapeutic procedure if it is restricted to patients 
with asthma of pulmonary origin who June been carefully selected after 
benefit from nen e blocking. 


REFERKX CES 

1 Lumsden, T Obsenations on the Respnaton Centeis, J. Plnsiol 57: 354 3b7, 

1923 

2 Stella, G On the Mechanism of Pioduction anil Phy «iological Significance of 

Apneusi-, J Physiol 93 10 23, 103S 

3 Bronh, D W , ami Ferguson, L K The Xenons Conti ol of Intercostal Respira 

tion. Am J Physiol 110 700 707, 1035 

4 Pitts, R F , Magoun, H W , an 1 Ranson, S W The Origin of Respiraton 

Rhjthmieiti, Am j Physiol 127 054 070, 1030 1 

5 Ranson, S IV, and Billingsley, P R An Experimental Analysis of the 

S\mpathetic Trunk and Gi eater Splanchnic Xene m the Cat, J Comp 
Xcurol 29. 441 45S, 191S 

o Chase, M R , and Ran-on, S IV The Structure of the Roots, Trunk, and 
Branches of the Vagus Xene, J Comp Xeurol. 24: 31 60, 1014 
7 Larsell, O , and Ma»on, M I Expei imental Regeneration of the Vagus Xen e 
and Its Relations to the Xene Teinnnations of the Lung of the Ralduf 
J Comp Xeurol 33 500 510,1021 ’ 

S Head, II On the Distuibanees of Sensation, With Especial Reference to the 
Pain of Visceral Disease, Brain 16. 1 133, 1S93 

0 Rossi, Ottorino On the Afferent Paths of the Sympathetic Xenons Sr stem 

With Special Reference to the Xene Cells of the Spinal Ganglia Sending 
34 < ' l 493 , "0' t ' ll 10‘> 1 > Processcs ln t!iC Raml Comniunicmtes, J. Comp. Xeurol 

10 Panson.^S \V xVffcrent Pathways foi Visceral Reflexes, Physiol. Re\. 1: 44" 

11 Rinson, S W, and Billingsley, P R The Superior Conical Ganglion and the 

lonua, 1 ortion of the Sympathetic Trunk, J. Comp Xeurol. 29: .313 35S 

U Ra " so "’ * W ’ an<1 R| llingslex , P R. The Thoracic Truncus Svmpatheticus 
29 40-,T:o n, lo°is ltC '' ° nd tll e Cat, J. Comp Xeurol. 

1 I Mollgaard H Studien ulier d is respirationi«che X’cnens\=tem bci den Wirbel 

th, ere, Mnndin Aril, f Ph.wol 26. 315 3S3. 1012 * 



510 


SUUOKIIY 


J'l. Dixon, A\ . 10., :mil Mroilio, 'I'. (!.: Contributions to 1 1 it; Physiology of the Lungs: 
Dart 1, The Bronchial .Muscles, Their lnncrvalion ami (lie Action of Drugs 
Upon Tlicrn, ./. Physiol. 29: D7- 1 too::, 
to. Dixon, W. K., ami Ranson, Broncho-dilator Nerve .T. Physiol. 45: 4 i:»--12S, 
1012. 


,l(i. Rasmussen, A. T. : Pathways for Nervous Reflexes From the Parenchyma of tlie 
Inline, Am. Rev. Tubere* 13: 545-519, 1020. 

17. Lnrsell, O. : Nerve Terminations in the Lung of the liahhit, .T. Comp. Neurol. 
33: 105-131, 1021. 

IS. Ploschko, A.: Norvemligungen uml <h*n Ganglion der Rospirationsorgano, Anat. 
An/.. 13: 12-22, 1S07. 

.10. Carlson, A. .1., ami Lneklmr.dt, A. 1?.: Lung Anlomalisais ami Reflexes, Am. J. 
Physiol. 55: .122- 137, 1021. 

20. Head, II.: On the Regulation of Respiration, .1. Physiol. 10: 1-70, 1889. 

21. Gault, 0. (!., and Scott, F. II.: Some Points in the Nervous Relation of Rcspiia- 

tion in the Cat, Am. ,T. Physiol. 45: 554-500, 101, S. 

22. Coombs, Helen 0. : The Relation of the Dorsal Roots of the Spinal Nerves and 

the Mesencephalon to the Control of Respiratory Movements, Am. J. Physiol. 
46: 450-471, 19.1 S. 

23. Combs, Helen C., and Pike, F. .1.: The Role of Afferent Impulses in the Control 

of Respiratory Movements, Am. .1. Physiol. 45: 569-581, 101S. 

24. Barry, D. T. : Apparent Impressions From the Respiratory Mechanism, J- 

Physiol. 45: 473-481, 1912. 

25. Larseil, O., and Burget, G. 14.: The Effects of Mechanical and Chemical Stim- 

ulation of the Tracheal Bronchial Mucous Membrane, Am. J. Physiol. 70: 
311-321, 1924. 

20. Craigio, E. PI. : The Reflex Produced by Chemical Stimulation of the Deeper 
Respiratory Passages, Am. J. Physiol. 59: 346-352, 1922. 

27. Maeklin, Charles C. : Musculature of the Bronchi and Lungs, Physiol. Rev. 9: 

1-60, 1929. _ 

2S. Dixon, \V. E.: The Production of Bronchial Spasm, M. J. & Rcc. 130: 576-5S2, 
1929. 

29. Sollman, I., and Gilbert, A. ,1.: Microscopic. Observations of Bronehiolar Reac- 

tions, ,T. Pharmacol. & Exper. Thernp. 61: 272-285, 1937. 

30. Adrian:, J., and Rovenstine, E. A.: Autonomic Response of Bronchial Tissue 

to A'arious Anesthetic Drugs, Proc. Am. Physiol. Roe., p. 4, 1941. 

31. Knoefel, P. K. : Anesthesia and the Sympathetic Nervous System, Anesth. & 

Analg. 15: 344-350, 1930. 

32. Phelps, McICinnie L., and Rovenstine, E. A.: Respiratory Obstruction During 

Cyclopropane Anesthesia from Bronchial Constriction, J. THORACIC Scrk. 
11: 565-570, 1942. 

33. Burstein, C. L., and Rovenstine, E. A.: Respiratory Parasympathetic Action of 

Some Shorter Acting Barbituric Acid Derivatives, J. Pharmacol. & Exper. 


Therap. 63: 42-50, 1938. 

•>( Leriche, Rene, et Fontaine, Rene: ResuRats Eloignes du traitement de L’Asthme 
° ’ Bronchique par la Stellectomie, Presse med. 47: 241-243, 1939. 

phillins E AV„ and Scott, AV. J. Merle: The Surgical Treatment of Bronchial 
Asthma, Arch. Surg. 19: 1425-1450, 1929. 

„ c p.j„ n j ■ Non-paroxysmal Dyspnea a Desequilibra Neurovegatatif, Presse 
° med. 36: OSO-OSS, 1939. 

Tj: G ahoff Jr. AAA F., and Gay, Leslie N. : Treatment of Intractable Bronchial 
Al ' Asthma by Bilateral Resection of Posterior Pulmonary Plexus, Arch. Surg. 
37- 456-469, 1938. 

, n . S p. and Ivy, A. C. : Respiratory Death from Central Vagus Stimuli!- 
: ’ >h - Or0 t ; ou After Renioval of Stellate Ganglia, Am. .1. Physiol. 104: 457-475, 1933. 



FASCIA LATA TRANSPLANT FOR DIFFICULT HERNIAS 
Alfred H. Iasox, M.D., Brooklyn, N. Y. 

(Attending Surgeon, Adelphi Hospital; Director of Surgery, 

Brooklyn Home and Hospital for the Aged) 

W E ARE all cognizant of the fact that in the evolution of the 
surgical art— as of other arts, plastic or graphic — there were 
epochal discoveries and innovations which served as symbolic mile- 
stones. This is particularly true of the progress of hernial surgery, 
but with the important reservation that the aforesaid milestones were 
few indeed on the horizon-less road of history. For over 800 years 
there was a Dark Age in hernial surgery. Primitive concepts held 
sway to within comparatively recent years concerning the etiology of 
this world-wide affliction, concepts, and practices which to us moderns, 
would seem to transcend the limits of human credulity but which re- 
ceived the sanction of “surgical” custom. 

I do not refer merely to the ancient surgical customs, for be it re- 
membered that it was not until Joseph Pancoast’s day — in the 1860’s — 
that any one in the United States attempted to operate on reducible 
inguinal hernia, such was the great dread and near certainty of a fatal 
issue. 

Bassini of Padua described novel operations for inguinal and femoral 
hernia which proved revolutionary. They were, in effect, the first ra- 
tional advances in the surgical repair of hernia in over 2,000 years, 
since Babylonian and ancient Egyptian days. Bassini ’s operation was 
based on a sound anatomic basis and therefore received world-wide 
acceptance. 

W. S. Halsted almost concurrently with Bassini devised a new oper- 
ation for inguinal hernia which in some regards closely resembled that 
of Bassini. in which an attempt was made to re-establish the obliquity 
of the canal. The spermatic cord was placed on the internal oblique 
muscle. Halsted constructed a new canal and ring but transplanted 
the spermatic cord superficial to the aponeurosis of the external oblique 
muscle. 

A number of other innovators in surgery advocated the use of vari- 
ous flaps of fascia, periosteum or bone in one way or another to over- 
come the admittedly unsatisfactory results in hernial surgery. Kirsch- 
ner, with this objective in view, in 1910, first suggested the feasibility 
(and later recanted somewhat) of repairing various anatomic defect's 
with a sheet or strips of fascia lata. In the same year Mackenzie 
utilized the iliotibial band of the tensor fasciae latae in the repair of 
large abdominal wall defects. 

Rt?e<‘lvt_-d for publication. July 10. 10t2. 
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jVTcAi’ilmr, in 1901, was (lie first to employ living fascia as suture 
material. He utilized a narrow pedicled strip from the aponeurosis of 
either flap of the split external oblique and sutured the structures to 
flic aponeurosis wilh these strips. 


Gallic and LeJIesurier’s great contributions to hernial surgery are, 
of course, well known. They demonstrated, with clinical and experi- 
mental evidence derived Ironi rabbits and dogs, that long strips of 
fascia lata were ideal suture material for the repair of otherwise in- 
operable or recurrent hernias (Figs. 1 and 2). 



Fig. 1. — Repair of inguinal hernia with sutures of fascia lata 
io\v of sutmes. (n) Slipknot anchonng stitch, (b) Lock stitrh’ 
W. E. Gallie.) suicn. 


Insertion of first 
(Courtesy of Dr. 


Gallie and LeMesurier’s results found considerable confirmation in 
the later researches of Gratz 1 concerning the tensile strength and elas- 
ticity of human fascia lata. This investigator found that, “The ma- 
terial showed surprisingly great tensile strength, comparing favorably 
with soft steel wire of the same weight ; in addition, it showed an un- 
expected degree of elasticity.’’ 

While many surgeons today (Seelig and Cliouke 2 ) have serious doubts 
concerning the value of ordinary sutures in fixing the conjoined mus- 
cles and the inguinal ligament thej' are not, on the other hand, in 
agreement with the Gallie and LeMesurier contention that no post- 
operative evidence is found of previous fixation with the usual tcch- 
• U q It is contended that the Canadian surgeons failed in their dis- 
" iq ti ns to identify properly the atrophic, frayed-out muscles— often 
S< H tint remains following fixation. Muscle, deprived of function. 
a -V atrophies; this change is hastened by the constant pressure to 
rapiciy ‘ ’ T]lis i, 0 i r j s particularly true, if is maintained. 

which it ts •' 
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when the transversalis fascia is defective and there is a concentration 
of intra-abdominal pressure perpendicular to its fibers. Careful obser- 
vation will demonstrate, at the least, the margin of the muscle still 
adherent to the ligaments, though the fibers may be so separated and 
frayed that recurrence is not surprising. 

Seelig and Chouke 2 undertook to investigate the moot question of 
the union of muscle and fascia. They concluded that “normal muscle 
will not unite firmly with fascia and ligament. It is, therefore, a use- 
less procedure to suture the abdominal muscles to the inguinal liga- 
ment in the hope of buttressing a weak or ruptured abdominal wall.” 

A. R. Koontz, 3 on the other hand, demonstrated clearly that muscle 
united with fascia, owing to the union of the latter with the fibrous 
components of the former. 



Fig 2.— Repair of inguinal hernia. Insertion of second series of sutures between 
externa! aponeuiosis and inguinal ligament, (a) Junction line of aponeuroses of in- 
ternal and external oblique muscles, (b) Termination of suture. Insert" practical 
lock stitch. (Courtesy of Dr. W. E. Gallie.) 

Many surgeons object to the use of autogenous fascial sutures in 
hernial surgery. It is argued that infections are more common than 
with the older methods and that the introduction of large needles 
through the transversalis fascia and the inguinal ligament frequently 
leaves weak spots which predispose to recurrences. Burdick and asso- 
ciates 4 came to the conclusion, after 1.4S5 hernia operations, that the 
theory of fascial sutures for repair is based on an erroneous surgical 
principle ! 

Some surgeons, further dissentimr. state that the use of the iliotibial 
tract of the tensor fasciae femoris muscle is unsound in surgical prin- 
ciple and wholly devoid of the merits commonly ascribed to the teeh- 
nifpie for the procurement of transplants therefrom. The rejoinder. 
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nevertheless, from the proponents of the ingenious surgical procedure, 
is that it is justified on the following theoretic and practical grounds. 

3. It is, above all, an attempt to produce better results. 

2. Closure of large defects in the floor of the inguinal canal is not 
invariably successful. 

3. Strips of fascia arc nonabsorbable and do not tear through after 
insertion. 


4. It is evident that living fascial sutures, unlike other sutures, do 
not drag the inguinal ligament and the tendo conjunctus together, dis- 
torting their relationships. The integrity of the inguinal ligament is 
preserved with their use. The darning serves as a re-enforcement in 
ITesselbach \s triangle. 

5. The iliotibial band is the only accessible and mobilizable fascial 
musculature available, retaining its myodynamie integrity, that is, 
elasticity, contractility, and extensibility. The viability and therefore 
the tensile strength of a graft depends, first, on its connection with 
a base and the preservation of its nerve and vascular supply and sec- 
ond, on the width of the link. The nerve and vascular supply, highly 
situated, are not disturbed or destroyed. 

fi. The requisite amount, of fascia is procurable from both thighs, 
if necessary. 

7. There is no loss of bodily function in the transference of the graft. 

8. The contiguous biceps femoris and vastus lateralis muscles do not 
herniate much, if at all, because they have their own fascial enveloping 
sheaths. 

9. Surgical experience sustains the validity of the foregoing state- 
ments. The transplantation of a live structure with intact nerve and 
blood supply is fully effective because the tonus of this musculofascial 
structure is preserved. An abdominal wall defect becomes such post- 


operatively by virtue of the fact that the tissues utilized to close it 
have no tonus. The collagen fibrils which constitute fascia possess the 
sole function of constant tension in an elastic maimer; the requisite 


tonus is thus maintained. An examination of the groin in a patient 
for whom a fascial transplant has been utilized reveals the firmness, 
and it may be added, the contractility and tonicity, of the band. In 
brief instead of closing a physiologic anatomic defect with a lifeless 
structure, a viable physiologic and anatomic one is used. 

The strongest union takes place when white fibrous tissues are ap- 
imated without tension. When two living fascial planes are np- 
Lurched there i, complrte »n<l endurin* »"»»■ .... 

P ’r . n ife S t, therefore, that the use of living fascia m the repair 
f lar^e hernias is of transcendent value as compared to all other forms 

of suture “"J® 11 "!’ iellcc of surgeons has been that grafts of animal 
The comm _ a ,. e autogenous, are unsuccessful, being fated to 

absorption and other changes. 
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Heterogenous fascial sutures, it is stated, function by stimulating 
tissue repair, but I have not observed any advantage in their use. 
Contrariwise, these foreign structures often undergo necrosis and de- 
generation. The employment of heterogenous fascial sutures, it seems 
to me, should he discouraged. 

Anatomists and surgeons have for a long time been aware of the 
fact that fascial and aponeurotic structures are the main supporting 
and enveloping tissues of the body. Surgeons utilized fasciae, aponeu- 
roses and their derivatives, to obliterate defects (congenital, acquired 
postoperative, and traumatic) in the abdominal wall and inguinal re. 
gions. An approach to perfection in the use of aponeuroses and fasciae 
has not perhaps been thought possible because of our failure to take 
advantage of what one may call the “natural resources” of the human 
body. 



Fig 3 — Pantaloon or saddlebag hernia, inferior epigastric \essels forming a bilocular 
sac. Condition found in Case 2. 

Architecturally, the mammal canal may he considered a funnel-shaped 
structure. From a purely mechanical turn point it is. therefore, sound 
surgery to obturate the inlet to this tunnel rather than the outlet in 
order to present effectively the intrusion of an abdominal viseus, part 
thereof, or of an associated structure 
One does not marvel at the nearly universal, excellent results ob- 
tained by the orthopedists in tendon transplants, to wit, the utilization 
of the penmens longus in paralysis of the tibialis anterior muscle, and 
the iole played by the teres major muscle in its transplantation in 
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Erb’s birth palsy. The success oi the procedure is undoubtedly de- 
pendent on the fact that living structures are used. 

Idle paramount advantages of the utilization of fascia lata trans- 
plants, stated succinctly, are as follows. 

.1. Fascia lata transplant has a definite "role in the repair of abdom- 
inal wall defects. 

2. In direct and pantaloon hernias, with the high incidence of re- 
currence, it rarely fails (Figs. 3 and 4). 

3. Tn hernias of the older group, of men and women past 50 years 
of age, it promises cures. 

4. In the repair of “sliding hernias” (a problem in the past) a solu- 
tion is at hand. 



-pi. _ , _p a ntaloon hernia converted into an indirect inguinal hernia by making traction 
r on indirect portion and dislocating inferior epigastric vessels medially. 


5 Despite wound infection, the results are excellent. 

6 No disturbances of locomotion ensue. 

7 Recurrences are rare. 

Stated briefly, the indications for the utilization of fascia lata trans- 


plants are : 

1 IIern ias difficult to repair by the customary surgical methods. 

' t -o- or massive inguinal hernias, complete or incomplete, direct 
2 ; m 8 1 with a structural defect in Ilesselbach’s triangle, and mus- 
or indirec , ses which have lost their myodynamic integrity, 

culature anc T j, ] ar „ e defects in Hosselbarli s triangle 

3. Recurrent henna. 

(Fig ' 5) ' „v massive incisional hernias (Fig. 0). 

4. Large oi massn 
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The quintessence of the matter lies in the following : AY hen extreme 
relaxation of the inguinal canal floor is present with loss of support in 
the inguinal triangle consequent upon the inadequacy of the trans- 
versalis fascia from one cause or another, whether it- be weakness or 
absence, with loss of valvular function of the rings and loss of the 
physiologico-anatomie functions of the abdominal wall bulwark, the 
utilization of fascia lata transplants in a deep reconstructive repair has 
unparalleled values. 



Fig. 3 A (Case 5) — Right lecurrent inguinal incisional hernia, ami left saddlebag 

hernia. 



I’ is ■'>/: (Case 3) — After pedicle fascia lata transplant for right recurrent inguinal 

incisional hernia. 

3'asoia lata transplants, or any other variety of transplants, should 
not lie used indiscriminately, whether in the groin or elsewhere in the 
body. Where the fascia transversal is has not lost its prime function, 
it is. in my opinion, an unsound surgical procedure. As in all ameliora- 
tive efioi ts, medical or surgical, patients should lie strictly individualized. 

fn 10.14, Wangensteen* described his method of repairing inguinal 
hernia by means of a pedicled graft from the iliotibial tract. The flap 
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is swung into the wound over the inguinal ligament and sutured over 
the spermatic cord. 

Certain modifications oJL' surgical technique were found advisable 
(Cig. 7). 



Pig. G (Case G). — Woman, aged 40 years, ■with large postoperative incisional heinia. 




FiB. T.-Pediele 


fiscia lat.i transplant in Inmiln i! ami central hpinlns. 
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I utilize the following technique for fascial sutures, a plastic opera- 
tion for difficult inguinal hernias. The usual inguinal incision is made 
and the external oblique aponeurosis is split parallel to the inguinal 
canal. Extreme care must be taken to identify the external iliac, 



Fig. S. — RecUinrlanej of transversalis fascia in Hesseibach’s triangle eliminated by 
interrupted piicatmg sutures. 



Fik 0 —Skin incision for fascia lata transplant. 
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is swims' into 1 lio wound over 1 lie inguinal ligament and sutured over 
i lie spermatic cord. 

Certain modifications of surgical technique were found advisable 
(Cig. 7). 



Figr. 0 (Case G). — -Woman, aged 40 years, with large postoperative incisional hernia. 
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plant and the center of the inguinal ligament (close to the slit) to the 
middle of the transplant. Three sutures are inserted, one at each angle 
of the gash and one in the center of the inguinal ligament. The free 
end of the transplant is then sutured to the tendo conjunctus and to 
the inferior aspeet of the external oblique aponeurosis by No. 1 inter- 
rupted chromic catgut strands placed at intervals of about three- 
quarters of an inch. Care must he observed that the medial angle of 
the free edge of the pedicle is sutured sufficiently far medially so that 
it impinges upon the rectus abdominis muscle ; the lateral edge of the 
free border of the fascial transplant must be sutured far enough to 
impinge upon the deep inguinal ring. The medial border of the fascial 
transplant above the inguinal ligament is then sutured to the superior 
aspect of the lacunar ligament to prevent herniation. A single suture 
is then placed, approximating the middle section of the transplant 
above the inguinal ligament to the underlying transversalis fascia in 






- i ■%■-***■ 

M l A > 





I-'itt II — IViluIe ()jp of li near fascia lata bioueht up as a re-enforcement subcuti- 

ncoush 

order to eliminate dead space. The lower free border of the external 
oblique aponeurosis is finally sutured to the upper free margin (in the 
manner of the Wvllys Andrews repair) thereby placing the spermatic 
cord subcutaneously. Thorough hemostasis, as in all plastic surgical 
procedures, must be carried out. The skin is closed with black silk 
sutures. 

In i ash mning the fascial flap it is absolutely essential to obtain one 
sufficiently long to obviate tension on the suture line. Care must be 
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femoral and inferior epigastric vessels, in inguinal hernia. The ex- 
ternal oblique aponeurosis is then divided parallel to the inguinal canal 
to a point just beyond the abdominal inguinal ring, being careful to 
avoid injury to the subjacent ilio-inguinal nerve. "When there is a 
marked redundancy of the transversal is fascia in Ilesselbach’s triangle, 
it is taken up by a series of interrupted sutures inserted similar to 
vertical Lembert sutures (Fig. 8). A vertical incision is then made 
along the anterolateral aspect of the thigh, its upper end curved some- 
what anteriorly from a point above the anterior superior angle of the 
great trochanter, downward as far as required, revealing the iliotibial 
band (Fig. 9). A sufficient section of this band is taken and of requisite 
width to reach, without tension, the entire hernial defect (Figs. 10 and 
11 ). 



.. ___p e l, nca tion of the stiip of tensor fascia lata foi fascial tiansplant. 

Fip. 

, . o; f f aS cia, three inches wide and two to four inches long, is 
U 1 'sufficient, so that any tendency to herniation of the vastus 
usua y avel .t c d. The pedieled fascial strip is then carried 

latera is n j|„ ame nt subcutaneously. A slit is made in the inguinal 
to the nigui 1 £\ vhicll t i, e fascial transplant is drawn. Three su- 
ligament > 10 - ^ point j„ the ligament uniting the medial and 
tures are pF ccC . ‘ ^ ^ slit t0 the nearest portion of the fascial trails- 
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There were only four recurrences in my series of eighty eases with 
the use of fascia lata transplants. A bilateral fascia lata transplanta- 
tion was done in one patient with a subsequent recurrence on one side, 
and in two I failed to suture the medial part of the transplant to the 
lacunar ligament, thus permitting a bulge to occur in that area. In 
the fourth ease, a postoperative incisional hernia, a defect recurred at 
the upper angle of the wound. 
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taken not to injure the external iliac or femoral vessels in splitting 
the inguinal ligament. The lateral margin of the flap, in the inguinal 
region, should be close enough to impinge upon the deep inguinal ring 
and yet not too far so as to constrict the spermatic cord and its con- 
stituents. The medial border of the flap, in the inguinal region, must 
be firmly secured at its lower margin to the lacunar ligament. 

Slight variations in technique are followed (depending upon expedi- 
ency) in repairing abdominal wall defects with these grafts. As 
Wangensteen aptly stated, “In the repair of incisional hernias, the 
flap is best sutured as a patch over the site of the closure, it being 
anchored securely to the normal adjacent fascial structures.” 

The fascia lata through the medium of the tensor fasciae femoris 
muscles has the crest of the ilium as an anchorage. The external 
oblique aponeurosis to which it is sutured has the lower seven ribs as 
an anchorage through the medium of the external oblique musculature. 
Thus, we harm two firm structures alive with myodynamic attributes 
of contractility and mobility pulling against each other in a synergistic 
manner. Therefore, the best physiologic cure for an abdominal defect 
is utilized. 

Recently I devised a fascial stripper, a fasciatome, enabling one to 
obtain pedicled fascia flaps of various widths subcutaneously through 
a small incision in the upper part of the thigh and one just above the 
knee. Thus the long scar, an objectionable feature of the procedure 
just described, is eliminated. A subsequent report will demonstrate 
the use of this instrument. 

Table I 

Eighty Cases of Fascia Lata Transplants 


Sex: 


Males 

Females 


Age: 


Youngest 

Oldest (sliding hernia) 
Average 


Types: 


ficciirrcnees : 

Incisional inguinal 
Incisional abdominal 

Total 


to cases 
5 cases 


25 M 
G7 M 
4S plus 


Indirect inguinal 

3 cases 

Direct inguinal 

10 cases 

Saddlebag or pantaloon 

•10 cases 

Bilateral saddlebag 

1 case 

Sliding . 

1 1 cases 

Incisional inguinal 

10 cases 

Incisional abdominal 

0 cases 

Total 

so 


.! cases 
1 case 
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ing tendency of fascia must be extraordinarily great to explain liis large 
series of successes. He recognized the resistant quality of transplanted 
fascia even under the unfavorable circumstances of bad nutritional and 
septic conditions. Ordinarily, the graft would be subject to the cement- 
ing action of ingrowing connective tissue on both surfaces, but even when 
healing could occur on only one surface, such as when the graft faced 
the free peritoneal cavity, the result was successful. Furthermore, a 
transplant poorly nourished on both sides, such as one replacing the 
layers of the abdominal wall including peritoneum, and not covered by 
skin so that it was visible at every dressing, also remained viable. Dural 
defects could be grafted successfully even though one side is covered by 
bone and the other exposed to protein-poor cerebrospinal fluid. He cited 
one case, out of many, of fascial replacement of an abdominal defect 
secondary to a huge appendical abscess; this too was successful despite 
the presence of infection. Transplants under such conditions are not 
recommended, but such cases illustrate the extraordinary healing tend- 
ency of fascia. 

FATE OF THE TRANSPLANT 

Considerable controversy as to the histologic fate of transplanted 
fascia still exists. Kirsehner observed grafts for 101 days and found that 
they retained their characteristic structure and healed practically un- 
changed. Experiments by Dean Lewis and Davis strongly supported 
this observation. Other observers found some evidences of degeneration, 
vascularization, and replacement, but Kirsehner felt that the question of 
complete viability as such was, after all, purely academic since partial 
replacement by sear tissue made the transplant no less serviceable than 
normal fascia. 

Neuhof, in a critical review of Kirsehner ’s work, felt that lie did not 
establish the inability of transplanted fascia by his experiments, but 
that lie did place the method on a sound working basis. A summary of 
the prevailing thought on the subject is supplied by Neuhof: Fascia is 
a simple tissue, relatively poor in cells and blood vessels and is one of 
the most readily transplantable of all tissues, healing until minimal re- 
action, even under unfavorable circumstances. The early phenomena 
occurring about an autograft of fascia are agreed upon by all investi- 
gators. The transplant is promptly covered by a layer of fibrin, rich in 
leucocytes, that gradually undergoes organization, so that in two weeks 
a thick zone of cellular granulation tissue is found to surround the graft. 
The staining quality of the fascial eells as well as the intercellular sub- 
stance suffers almost from the outset, indicating some degree of degenera- 
tion. Apparent recession of the degenerative phenomena is seen in the 
succeeding weeks. Is this really the ease or are we dealing with the 
early evidences of gradual replacement ? Mimicry of the appearance of 
any original graft by the replacing tissue occurs frequently. The ques- 
tion of the persistence or replacement of fascial transplants has been 
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HISTORIC REVIEW 


T HE iinalomie closure of hernial defects described by Bassini and 
Ilalsted marked the advent of modern hernial surgery. The failure 
of these methods in the treatment of many large and difficult hernias 
had . early stimulated surgeons to search for suitable strengthening 
materials. All methods using nonabsorbable foreign materials, such as 
celluloid plates, silver screens, paraffin, metal staples, etc., have been 
abandoned. The almost unanimous experience of surgeons has been that 
grafts of animal tissues, unless they are autogenous, are unsuccessful, 
being fated to absorption, to calcification, to mere toleration as of a 
foreign body, to sloughing, or to replacement with connective tissue. 

The major advance in the surgical treatment of hernia has been the 
utilization of fascia. Wolfler, in 1S92, and later Halsted turned down 
a flap of anterior rectus sheath and sutured it to Poupart’s ligament. In 
1901, McArthur used as a fascial suture a strip cut from, but left at- 
tached to, the adjacent, edge of the incised external oblique aponeurosis. 
Then followed the development of three plastic procedures which arc 
more or less in popular use today. Kirsehner first demonstrated, in 
1909, the successful use of free autoplastic fascia lata transplants. In 
1921, Gallie used “living sutures” of fascia lata strips to fill hernial 


defects by weaving them into a latticework. Wangensteen, in 1933, em- 
ployed the iliotibial tract of fascia lata as a pcdicled flap in the repair 
of recurrent and difficult hernias and other large defects of the ab- 
dominal wall. The use of free fascial grafts has enjoyed frequent reports 
in the German literature but has received scant attention by American 
writers. We believe that this method has not received the acclaim that 
it deserves and that a review of its background will establish a con- 


vincing basis for its use. 

Clinical and experimental efforts have been made from time to time 
' the past fifty years to transplant free grafts of fascia for various 
111 1 • but the first systematic study of the subject was made in 1909. 
piu poses, -f oun{ ] a ftcr many animal experiments, in which 

by Fuse ine • ^ abdominal wall were sacrificed, that lie could pi-e- 

^vious a - , mcnt of hernias with free fascial transplants. Alter a 
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ing tendency of fascia must be extraordinarily great to explain his large 
series of successes. He recognized the resistant quality of transplanted 
fascia even under the unfavorable circumstances of bad nutritional and 
septic conditions. Ordinarily, the graft would be subject to the cement- 
ing action of ingrowing connective tissue on both surfaces, but even when 
healing could occur on only one surface, such as when the graft faced 
the free peritoneal cavity, the result was successful. Furthermore, a 
transplant poorly nourished on both sides, such as one replacing the 
layers of the abdominal wall including peritoneum, and not covered by 
skin so that it was visible at every dressing, also remained viable. Dural 
defects could be grafted successfully even though one side is covered by 
bone and the other exposed to protein-poor cerebrospinal fluid. He cited 
one ease, out of many, of fascial replacement of an abdominal defect 
secondary to a huge appendical abscess; this too was successful despite 
the presence of infection. Transplants under such conditions are not 
recommended, but such cases illustrate the extraordinary healing tend- 
ency of fascia. 

FATE OF THE TRANSPLANT 

Considerable controversy as to the histologic fate of transplanted 
fascia still exists. Kirschner observed grafts for 101 days and found that 
they retained their characteristic structure and healed practically un- 
changed. Experiments by Dean Lewis and Davis strongly supported 
this observation. Other observers found some evidences of degeneration, 
vascularization, and replacement, but Kirschner felt that the question of 
complete viability as such was, after all, purely academic since partial 
replacement by scar tissue made the transplant no less serviceable than 
normal fascia. 

Neuhof, in a critical review of Kirschner 's work, felt that he did not 
establish the viability of transplanted fascia by his experiments, but 
that he did place the method on a sound working basis. A summary of 
the prevailing thought on the subject is supplied by Neuhof : Fascia is 
a simple tissue, relatively poor in cells and blood vessels and is one of 
the most readily transplantable of all tissues, healing with minimal re- 
action, even under unfavorable circumstances. The early phenomena 
occurring about an autograft of fascia are agreed upon by all investi- 
gators. The transplant is promptly covered by a layer of fibrin, rich in 
leucocytes, that gradually undergoes organization, so that in two weeks 
a thick zone of cellular granulation tissue is found to surround the graft . 
The staining quality of the fascial cells as well as the intercellular sub- 
stance suffers almost from the outset, indicating some degree of degenera- 
tion. Apparent recession of the degenerative phenomena is seen in the 
.succeeding weeks. Is this really the case or are we dealing with the 
early evidences of gradual replacement ? Mimicry of the appearance of 
any original graft by the replacing tissue occurs frequently. The ques- 
tion of the persistence or replacement, of fascial transplants has been 
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widely discussed. A large part of Hie experimental studies undertaken 
to settle this moot point must be ruled out because the periods of observa- 
tion alter transplantation arc too brief. Permanent viability cannot be 
accepted as established since replacement phenomena and evidence of 
degeneration do exist. Experiments show that the general architecture 
of the graft is preserved for as long as six months to one year, but care- 
ful examination reveals the fact that the transplant is not preserved as 
such, but has been gradually replaced by fibrous connective tissue closely 
resembling it. That this replacement is very gradual is evident from the 
fact that the phenomena are not complete even after one year. This new 
tissue cannot be termed cicatricial, the resultant of degeneration, but 
may be more accurately described as a cellular connective tissue occupy- 
ing the framework and largely maintaining the size and form of the 
original transplant. As a result, the purpose for which the transplanta- 
tion has been performed can be ordinarily achieved. The ready trans- 
plantability of fascia and its great practical usefulness have been estab- 
lished on a firm basis. 


THE FASCIA LATA 

The fascia lata forms a uniform investment for the whole of the thigh 
but varies in thickness in different parts. The portion arising from the 
front part of the crest of the ilium, corresponding to the origin of the 
tensor fasciae femoris muscle, passes down the outer side of the thigh 
as two layers, one superficial to and the other beneath this muscle. At 
the lower end of the latter, which is about one-quarter of the way down 
the outer side of the thigh, these layers become blended into a broad 
thick band, which is continued downward to the knee. This iliotibial 
tract is the densest portion of the fascia lata and is the most desirable 
for transplantation. The histology of human fascia closely resembles 
that of the dog and rabbit, which are the experimental animals commonly 
used in work on this subject. Throughout most of its extent, it is com- 
posed of three layers. The fibers of the middle, the most dense and 
thickest of the three, run in the vertical axis while the fibers of the inner 
and outer layers course at right angles to the main median layer. Each 
of the strata is composed of closely woven bundles of wavy connective 
tissue microscopically resembling tendon tissue. The median portion 
. . • ’ j to jj lc inner and outer layers by loose connective tissue, which 

* nrries the blood vessels and most of the elastic fibers. 

C< t? ' lata is superior to other similar tissues. It is easily accessible. 

i i ponrsc it lies under the skin and a simple incision effects 
Throughout , s muW fM0d from lhe .subcutaneous fat and is 

adequate -1 ^ the underlying muscle, unlike the anterior rectus 

easily dct “'? tendinous intersections. The supply is plentiful even 
sheath witn i al ,toplasty. Especially is this true when both 

for the most ex • g uccess f u j grafts measuring nine inches square are 
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dominal fascia is used. Occasional herniation of the underlying muscle 
can he minimized or completely avoided if the margins of the defect 
in the fascia following excision of the pateh are tacked down to the 
underlying muscle ; spreading of the remaining defect is thus prevented. 
It has great strength combined with limited elasticity. Of the various 
fasciae in the human body, the fascia lata is the strongest, particularly 
in the iliotibial tract. Many clinical as well as experimental observations 
have established the fact that fascial grafts can withstand great strain. 
Kirschner found that whereas strips of periosteum were torn by a pull 
of thirteen pounds, a similar sheet of fascia lata supported a weight of 
ninety pounds. It exhibits an extraordinary tendency to heal in a viable 
state. It is readily adapted to the contours of all fields. There is no 
difficulty in suturing or fitting it into place. 

APPRAISAL OF TRANSPLANT METHODS 

Simultaneously with the evolution of the experimental phase of fascial 
transplantation, there developed its clinical application in a veritable 
host of conditions. Of interest to the orthopedic surgeon is its use in 
tendon defects, habitual dislocation of the shoulder, traumatic lesions of 
the capsule and ligaments of knee joints, flatfoot, and divided muscles 
such as ruptured biceps. The ophthalmic and plastic surgeons may use 
fascia in the treatment of paralyzed muscles as in ptosis and facial palsy. 
The neurosurgeon may consider its use in dural defects. The thoracic 
surgeon has patched pleural defects with fascia whether traumatic or 
postoperative, as following removal of sarcoma of the chest wall. 
Nephropexy by fascial strips is part of the urosurgeon 's armamentarium. 
General surgeons are primarily interested in the use of fascial trans- 
plants in hernia and defects of the abdominal wall. 

Ideal incisional hernioplasty demands an anatomic repair with free 
dissection and separate tier suture of all layers. This may be possible 
in the smaller hernias such as those following the McBurney incision. 
Avoidance of uudue tension is the most important consideration for suc- 
cessful repair, since tension causes strangulation of the tissues with 
sloughing and failure of healing. Dickson has well expressed the im- 
portance of this factor: “It is much more important to direct effort to 
relieving wound tension than it is to devise some new type of suture 
material. A wound which is completely relaxed and without tension 
will have a good blood supply and no matter what suture material has 
been used, whether absorbable or nonabsorbable, or it might almost be 
said, whether any at all is used, the wound will heal.'’ 

Massive hernia with partially obliterated surrounding structures 
precludes anatomic repair. The number of operations that are ordinarilv 
emploved in the treatment of these cases is legion, and their very multi- 
tude is indicative of how frequently they fail; 25 to 40 per cent recur. 
There are many reasons for this. These cases present attenuated 
muscular and fascial structures with extensive scar tissue, often the re- 
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suit of repeated efforts to cure a postoperative hernia following infec- 
tion, and such cases do not permit the ready approximation of healthy 
aponeurotic layers. Obesity and the generally poor physical condition 
of many oi these patients add considerably to the risk of the operation. 
Under such conditions a minimal operative procedure is imperative, 
and yet with ordinary methods, repair of the defect would mean exten- 
sive plastic work on ill-nourished cicatricial tissues. Approximation of 
the edges of large defects may prove disastrous to the patient because 
of the sudden diminution in the size of the peritoneal cavity, which re- 
sults in a disquieting increase of intra-abdominal pressure and a decrease 
in vital capacity*. Because of this embarrassment, postoperative pul- 
monary complications are common. Pressure on the diaphragm pro- 
duces cardiac symptoms from pressure on the heart and abdominal 
vessels. Acute gastric dilatation and ileus, too, are not uncommon com- 
plications. It is akin to ileus associated with a tight plaster spica and 
may occur whether or not the peritoneal cavity has been opened. These 
are the problems of licrnioplasty which necessitate utilization of fascial 
transplants for safe and adequate repair. 

The popular Gallie and Wangensteen procedures are developments of 
Kirsehner’s original and simpler patch transplantation. Both Gallie 
and Kirschner utilize free transplants, the former using the fascia as 
strips in the form of sutures. Wangensteen uses a pedicled transplant. 
It now behooves us to analyze the relative merits of these methods. Much 
light is thrown on this appraisal by a careful study of Gallie ’s experi- 
mental investigation as published in 1923. It was these observations 
which led Gallie to discard the patch transplant in favor of strips of 
fascia employed as interweaving sutures. 

Gallie found that free transplants of fascia, whether in patches or 
suture strips, as well as pedicled transplants, lived unchanged when they 
could receive an adequate supply of lymph. This observation confirms 
the original work on the practicability of using free transplants of 
fascia. Since viability is established whether the transplant is pedicled 
or free, are the added technical manipulations that are part of Wangen- 
steen’s procedure at all necessary? There is no experimental evidence 
io prove that pcdunculation of the graft ensures a greater degree of use- 
fulness than the free graft; the value of preserving the blood and nerve 
U i j s purely theoretical. There is no objection to using the pedicled 
SU ^ ' j an | w ] icre it is readily applicable, but even Wangensteen admits 
^Kirschner ’s method of using a sheet of fascia lata as a free patch 
<i •+ of more universal application in the correction of tissue defects 
“pennies o- r aft.” For example, it may be impossible to ade- 

than the pe i ® pper abdominal defect with a pedicled graft, par- 
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recurrence in one of the thirteen eases which comprised "Wangensteen's 
original report. Another disadvantage is the possibility of obscured 
bleeding in the tunnel fashioned for transmission of the pedieled graft; 
this contrasts with the complete visualization which is always possible 
in using the free patch and this ensures perfect hemostasis. Finally from 
an aesthetic point of view, the patient occasionally objects to the cord- 
like bulge caused by the pedicle of the transplant and sometimes mistakes 
it for a recurrence of the hernia. 

Gallie found that wounds in fascia, when sutured in edge-to-edge ap- 
position noth absorbable sutures, heal together by means of newly formed 
connective tissue which is not very strong and, if subject to strain, slowly 
stretches, leaving a gap between edges of the wound. He found that 
transplants heal to surrounding structures, by means of this delicate scar 
tissue, in exactly the same manner as healing of simple wounds in these 
tissues, and that it is the constant tendency of this scar to stretch, which 
explains the failure of many of the attempts which have been made to 
cure large hernias by the use of patch transplants. The reason for the 
stretching tendency of sear tissue is that, although composed of quite 
similar white fibers as fascia, these fibers are loosely and irregularly ar- 
ranged in contrast to the parallel arrangement of the fibers in fascia 
which gives the latter great strength in the direction in which it is 
normally subject to strain. Gallie felt that he could overcome this 
objection by weaving the edges of the hernial defect together with the 
strips of fascia employed as everlasting living sutures. If approximation 
could not be obtained without disastrous increase in intra-abdominal 
pressure, Gallie originally suggested filling the gap with a living 
aponeurotic filigree by a basket weave of the fascial strips as in darning 
a sock. 

At first glance one might feel that Gallie ’s findings doom the applica- 
bility of free patch transplants. However, we do not believe nature’s 
process of healing wounds in aponeurotic structures to be as defective 
as Gallic was led to conclude. Certainly, the greatest number of laparo- 
tomy wounds heal satisfactorily with the ordinary method of suture. 
In those eases which do develop hernias it is everyone’s experience that 
the latter develop soon after, or even before discharge from the hospital 
and not years later, as they should if stretching of the scar were the 
factor. Branch reported that in 46.3 per cent of 300 cases of incisional 
hernia, the patient noticed a mass in the wound ninety days or less after 
the original operation. To follow Gallic’s thought to its logical conclu- 
sion, one would have to sew all laparotomy wounds with fascial suture 
strips. We feel that scar stretching is not the important factor in the 
development of postoperative herniation. Wore important considerations 
are careful closure, asepsis, and the use of incisions which cause the least 
trauma to muscles and nerves. Furthermore, Gallie admits that if the 
surfaces of the patch and surrounding tissue are thoroughly cleansed 
of areolar tissue, scarified and overlapped, they unite by a generous scar 
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and here the union is more solid and tolerates what may be considered 
normal degrees of strain. It is perfectly possible that it was the lack 
of proper cleansing and preparation of the sutured edges which ac- 
counted for the failures of some of the patch transplants, so that if these 
precautions are taken, uniformly good results may be obtained even with- 
out the use of Gallic’s suture strips. One must bear in mind, too, that if 
scar stretching predisposes to failure in free transplants, this factor 
should apply equally in the Wangensteen pcdicled transplant which is 
also sutured in place in the ordinary manner. And yet, the highly satis- 
factory results obtained with the Wangensteen procedure give cogent 
testimony to the successful use of transplants without fascial sutures. 

Gallie found that gaping was less marked with linen than with catgut. 
We favor the use of silk in fixing the transplant. Since it is not ab- 
sorbed, edge-to-edge apposition of transplant to environment is better 
maintained with a minimal tendency of stretching at the margins. Ten- 
sion on the suture line is absent since tbe transplant method obviates the 
necessity of pulling the edges of the defect together, and, therefore, the 
sutures have no tendency to cut out. Parsons found that recurrences 
were four times as frequent in a series of inguinal hernias when catgut 
was used as when silk was employed. Whipple has shown that wounds 
repaired with silk were always superior in tensile strength to those re- 
paired with catgut. Catgut caused greater trauma as well as pressure 
necrosis as evidenced by the zone of fluid and leucocytes surrounding 
the sutures. 


The superiority of fascial sutures is not universally accepted. Branch 
reported 240 incisional hernias. Of this number, 226 repaired with 
fascial overlap and silk or catgut gave a recurrence rate of 19.6 per cent; 
14 larger hernias were repaired by the Gallie method and of these 21.42 
per cent recurred. Burdick, Gillespie, and Iliginbotham reported on the 
use of fascial sutures in 1,485 hernias at the Hospital for Ruptured and 
Crippled. Their recurrence rate for 98 umbilical, epigastric, and 
ventral hernias was 44.S9 per cent. Suppuration occurred in 7.9 per 


cent of the cases in which fascial sutures were autogenous. They no 
longer regard fascial strips as the suture material of preference and 
haw turned to silk with better results. Gallie had to give up his filigree 
method of filling hernial defects because of a number of recurrences 
. • u°h the chinks between the sutures. He was forced to revert to Ihc 
110 mtch transplant which he preferred to suture in place with fascial 
lice 1< ^ ] a t es t method is that of fixation of the patch by fashioning 

strips- . a many-tailed bandage design. We have not found it 
the la ei our technique at all since silk has been utilized, 
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suture in 85 eases of ventral hernia. Four of their five postoperative 
deaths were due to pulmonary complications. Frequently it was neces- 
sary to place the patient in an oxygen tent immediately after operation. 
Power reported two eases of ileus following the Gallic operation, one of 
which terminated fatally. 

The free patch transplant is not subject to many of the criticisms of 
the other plastic methods and its use deserves much more popularity. 
It is readily applicable to all cases. It does not have any of the limita- 
tions of the pedunculation method. It heals with a minimal reaction 
and is not associated with the suppuration net uncommonly present 



I'ig. 1.— Rt'lea.sing incision made through f t^ia on ono side of h<*mial def« el. 

when l'ascial sutures are used. Proper preparation of the transplant and 
the recipient area as well as (he use of silk technique ensures good heal- 
ing and firm union. Wound tension and increased intra-abdominal pres- 
sure are completely avoided and this lias been a primary consideration in 
our technique in applying the free patch. 


INDICATIONS \M) TKI'HNHP'K 

The most important indication for usiuir the fascial insert is a search v 
of satisfactory tissue about the hernial gap. Tissues that do not lend 
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themselves to adequate repair cannot he expected to withstand the great 
strain that would be put upon them, particularly with approximation 
under tension. Such a situation is often characteristic of recurrent 
hernia, large direct inguinal hernia, and massive abdominal hernia. Ob- 
viously, fascial transplantation is not indicated in every case of ventral 
hernia (Figs. 1, 2 and 3). 



9 Original defect sutured. leaving a gap at the site of releasing incision. 

Graft overlies entire field, Iliotibial defect is closed by suturing margins to under- 
lying muscle. 


Simplicity keynotes the technique. The peritoneal cavity need not he 
ened and layer dissection of the abdominal wall is unnecessary, thus 
, effecting a great saving of time. The defect is exposed and the 

a uiidin rr fascia is cleansed of all adherent areolar and scar tissue. A 
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defect an -ii. without any tension. The line of the releasing incision 
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fascia lata is excised from the ilio-tibial tract of the thigh and after being 
properij- freed of its investing areolar tissue, it is sutured over the newly 
made defect with interrupted black silk sutures. A large enough graft 
may be taken to cover the primary suture line as well, thus effecting a 
wide margin of overlap with actual contact between the cleansed trans- 
plant and the freshened fascial surface. We have not found it necessary 
to use any drains. This method permits secure closure without pro- 
ducing the slightest tension and thus remains true to one of the most 
fundamental principles of surgery. In our opinion, it is superior to 
all suture methods, fascial or otherwise, which pull the margins of the 
defect together. 

i. ' 


Henv-io-t Defect' 
i^cle&Aip«£ Itvctsiotw 

Ajv£. Pectus 
5k.CA.th/ 

Rectus 

Poafc. Pectus 
5keail\r Peritcneoitv* 





Kip. 3. — Schematic presentation showing the steps in the repair of the hernia. 

At this writing, eleven cases of large ventral hernia have been operated 
upon at the Jewish Hospital of Brooklyn by this method, the hist one 
three and one-lialf years ago and the last about two weeks ago. This 
is admittedly a small group with a relatively short follow-up. However, 
so completely uneventful have been their recoveries and so successful 
the results thus far, that one cannot help but be favorably impressed. 
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themselves to adequate repair cannot be expected to withstand the great 
strain that would be put upon them, particularly with approximation 
under tension. Such a situation is often characteristic of recurrent 
hernia, large direct inguinal hernia, and massive abdominal hernia. Ob- 
viously, fascial transplantation is not indicated in every case of ventral 
hernia (Figs. 1, 2 and 3). 



o original defect sutured, leaving a gap at the site of releasing incision. 

Graft overlies entire field. Iliotibial defect is closed by suturing margins to under- 
lying muscle. 


Simp licit 3' 1 keynotes the technique. The peritoneal cavity need not be 
pel and layer dissection of the abdominal wall is unnecessary, thus 
. e ft' c cting a great saving of time. The defect is exposed and the 
a S Ujno-'fascia is cleansed of all adherent areolar and scar tissue. A 
suiiou ^ .^ c j s j ou j s made on one side of the defect approximately one- 
releasing 1 ^ t j ie ma rgin. The peritoneal bulge is depressed in the 
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CONSIDERATION OF THE FACTORS INFLUENCING THE 
SURGICAL REPAIR OF INGUINAL HERNIA 

Howard Lavender, M.D., F.A.C.S., Kalamazoo, Mich. 

O NE person in ten, the world over, is afflicted with hernia. All ages 
of both sexes do not escape. Ninety per cent of all hernias are 
inguinal. Inguinal hernia is a foremost disabling condition in industrial 
workers and it ranks third in the causes of rejection for military service. 

Operation for the cure of inguinal hernia is a common, everyday pro- 
cedure in the modern hospital. It constitutes about 10 per cent of all 
types of surgery done in large general hospitals. Mortality rate is less 
than 1 per cent and morbidity from wound infection, pulmonary and 
other complications is, on the average less than 10 per cent. Recurrence 
of heinia, as generally admitted by surgeons at the present time, is seen 
in 5 to 10 per cent of the cases of which 80 per cent appear within 
the first year following operation. That an inguinal hernia once re- 
paired results in a recurrence is evidence of an error, particularly when 
a second operation effects a permanent cure. The purpose of this dis- 
cussion, therefore, is to consider the many factors which influence our 
judgment in the surgical treatment of inguinal hernia and review cer- 
tain fundamental principles that will diminish the chance of error 
when properly applied. 

HIGHLIGHTS IN THE HISTORY OF HERNIOPLASTY 

Ileimia, a disease known to man since his beginning, has a story which 
is parallel with the history of medicine. Like so many other afflictions 
of mankind, rupture was an enigma through the centuries and attempts 
to solve its mystery hv a multitude of methods were unfruitful. Credit 
for the first step in solving the problem of hernia is given the anatomists. 
Andreas Vesalius of the sixteenth century, and later Fallopius, Gimber- 
nat, Scarpa, Cooper, and others, made discoveries in the anatomy of the 
inguinal region which proved to he most valuable in a fundamental 
understanding of inguinal hernia. The next step in unraveling the 
riddle of hernia was the discoveries which crave birth to the science of 
bacteriology and it was from Pasteur’s work that Lister revolutionized 
surgery by the institution of his antiseptic methods in 1865. Oddly 
enough, the report ol his fiis,t operation in l.sGi), using antisepsis, was a 
hernia ease. Infection and suppuration, which had destroyed not onlv 
the surgeon s skillful work hut frequently his patient as well, ceased to 
he the horrible result that had prevoiusly plagued the surgeon. Lister's 
antiseptic methods reduced surgical mortality to one-twentieth of the 
ion,H>1 ' la,e - The enthusiasm of surgeons was manifest by the introdue- 
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It is the purpose of this paper to present the procedure at this time so 
that others may be stimulated to use it in the interest of amassing a 
larger group of cases for a more fully tested appraisal. 

SUMMARY 

The fact that one can with impunity make an autogenous transplant 
of fascia lata is now well established. Kirschner was the first to crystal- 
lize the method into a sound surgical procedure. The disputed question 
of ultimate viability of the transplant is only of academic importance. 
■Fascia lata of the iliotibial tract is the most desirable for transplantation. 
Free patch transplantation of fascia deserves more popularity, since 
in many ways it is superior to the Gallic and Wangensteen procedures. 
A technique for the use of the free transplant in the surgery of large 
incisional hernia is described. 
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tion of fibrous tissues in the repair of anatomic defects by using fascia 
lata strips as suture material and graft. Pitzman. 1 in the same year, 
stressed the importance of repair of defects in the transversalis fascia. 
Seelig and Chouke, 12 in 1923. by experiments in dogs showed that 
muscle sutured to fascia resulted in poor union and suggested that 
fascial structures be sutured to fascia for the best results in the treat- 
ment of hernia. In 1934, Wangensteen 13 presented a new application 
of an established principle in plastic surgery, the transplantation of a 
musculotendinous structure, the iliotibial tract, with its nerve and 
blood supply intact swung up from the thigh into defects of the ab- 
dominal Avail. Anson and McYav, 14 in 1938, by careful studies of the 
anatomy of the inguinal region, pointed out important relations of 
the muscle and fascia, and McYay, in 1939, 15 on the basis of these neu r 
investigations discussed a fundamental error in the Bassini opei'ation 
in that the inguinal ligament does not AA-ithstand A'ery Avell the pull 
exerted by muscles sutured to it and suggested that better results could 
be obtained by the suture of the inferior aponeurosis of the transversus 
abdominis to the fibrous covering of the pubic pecten as far laterally 
as the femoral vein. Anson and McYav have contributed a great deal 
tOAvard the improvements that may be made in the operative repair of 
inguinal hernia. 

REDUCTION OF THE RECURRENCE RATE 

Since Halsted 4 once stated that “the cure of hernia may be listed Avith 
the triumphs of surgery,” the surgical treatment has in many respects 
come a long Avay. Nevertheless, hernial surgery is far from perfect 
as the evidence of recurrences Avill bear out. Recurrent hernia in the 
narroAvest sense implies the return of exactly the same type of hernia 
as existed before operation. True recurrences are relatively rare and 
the designation “recurrent” embraces all types of inguinal protrusions 
occurring after a hernioplasty. Recurrence rate among surgeons varies 
considerably as some quote a rate as high as 25 per cent, particularly 
in direct hernia, and others as Ioav as 0.8 per cent (Joyce 16 ). Undoubt- 
edly, the personal equation plays a part. Error in technique of the 
original surgeon or the use of a technique not suitable for the adequate 
repair of the type of hernia that exists is a suggested explanation for 
later development of a weakness in the inguinal region that is charac- 
terized as a “recurrence.” As Fallis 11 has stated, “improA-ement in 
results of hernial repair will not come from inventing ugav operations, 
but from carefully following certain well-defined principles Avhich uoav 
yield excellent results Avhen properly applied.” To repeat that, hernial 
surgery is not perfect, therefore, may lie interpreted also as meaning 
that principles avc have already learned in the surgical treatment are 
oftentimes not properly applied. 
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lion of a multitude of operations for hernia 'which were as numerous as 
the surgeons doing them. Controversy over antisepsis and asepsis soon 
arose but Lucas-Championniere pointed out that boiling and heat sterili- 
zation were in the true sense antiseptic though without the disadvantages 
of chemical antisepsis. He was the first to operate under aseptic pre- 
cautions. With so many different methods attempted in the surgical 
treatment of hernia, there were many recurrences of hernia and it was 
obvious that there was a need for improvement in the technique. This 
came as another great step with the introduction of the Bassini 8 and 
Halsted' methods of hernia repair. The techniques were developed 
independently and reported at about the same time, 1890. Halsted 4 
later changed his original technique so that the essential difference 
from the Bassini method was in relation to the spermatic cord. Bassini 
reconstructed the tissues posterior to the cord, transplanting it an- 
teriorly, whereas, llalsted reinforced the tissues anterior to the sper- 
matic cord. Strange as it may seem, these two methods have been the 
basis of operative repair of hernia to this day. All operations intro- 
duced have been modifications of these two original methods. New 
additions to the operative treatment of hernia have been made during 
the past fifty years and the operative technique of surgery in general 
has been greatly refined by knowledge gained from researches in the 
basic sciences as well as the surgical skill manifested by the masters of 
the art. Among the outstanding contributors to hernia surgery since 
1890 are Wolfer, 5 who in 1892 suggested the use of the rectus muscle 
or its sheath as a reinforcement of Hesselbach’s triangle, and Blood- 
good 4 ' 0 in the same year sutured a triangular flap of the rectus sheath 
to the inguinal ligament for the same reason. Andrews, 7 in 1895, de- 
scribed a method of imbrication of the layers of the abdominal wall in 
which the transversalis, internal and external oblique muscles were 


sutured as one layer over the cord to Poupart’s ligament and the lower 
flap of the external oblique was carried up over the upper flap and 
sutured to it. This was an advancing step in the treatment of direct 


hernia. In 1899, Ferguson 8 closed the transversalis fascia tightly over 
the cord and made the internal abdominal ring smaller. McArthur,® 
in 1901 suggested tlie use of the edge of the external oblique aponeu- 
rosis as a living fascia suture to unite the muscle to the inguinal liga- 
In 1919, LaKoque 1 devised an intraabdominal removal of the 
IU ‘ 1 sac followed by the plastic repair of the inguinal structures, 
hernia < advised opening the hernial sac near the internal 

Hogue , ^ t j ie rC p a i r of direct inguinal hernia, a definite advance 

ingunia technique in which the direct hernial sac is converted 

in the STOP ‘ ^ trac tj on on the opened peritoneum at the in- 

into au incite • " an( i dissection of the prepcritoneal structures 

ternal abdonuna £ e yiesurier,” in 1921, described the Iransplanta- 
from it. Gallic an 
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of tlie peritoneum at the internal ring as suggested by Fallis and 
McClure . 18 The sae should be closed at the internal abdominal ring. 
This may be accomplished by a continuous or purse-string suture if 
the opening is large or by twisting the neck of the sac and applying a 
transfixion suture if it is narrow. Upon excision of the sae after the 
closure, the stump will retract high because the peritoneum was pre- 
viously drawn fairly taut. The choice of reconstruction of the 
inguinal region depends upon what one has found to be at fault in the 
supporting structures of this region. A standard operation to be used 
in the repair of all inguinal hernia is as impractical as a one for all 
procedure in any other type of surgery. Principles come to play as 
much importance in the repair of a hernia as in the proper correction 
by surgical methods of other conditions. The importance of carefully 
repairing weaknesses of the transversalis fascia in inguinal and femoral 
hernias is a step that must not be overlooked. Very often the weakness 
or separation of the fibers can be repaired by interrupted or plicating 
sutures. Where the weakness is a large one, due to wide separation of 
fibers, congenital absence, or atrophy, then a substitute must be made 
to reinforce the weakened site by the use of fascia as suggested by 
Gallie or the transplantation of a flap according to Wangensteen’s 
method. The femoral opening in femoral hernia may be repaired by 
suturing the transversalis fascia to Cooper’s ligament as suggested by 
Dickson . 10 To omit the repair of the transversalis fascia or to fail to 
apply a substitute for it is a grave error in technique and one of the 
chief causes of the “recurrence.” 

Considerable controversy has attended the wisdom of transplantation 
of the cord. There are those who believe that a weakness is produced at 
the internal abdominal ring by this step and others state that the lower 
inguinal region is weakened by omitting it. Here again, the choice 
may be made by the consideration of the facts. Gallic’s statement in 
disagreement with the proponents of methods of repair anterior to the 
spermatic cord, “the time which is spent in preventing a hernia from 
getting out of the inguinal canal is much better spent in preventing it 
from getting in,” is a point in favor of those methods used to repair 
and reinforce the structures posterior to the cord. Where there is a 
well-developed weakness through Hessel bach’s triangle (direct hernia) 
and an additional support is desired over this point, the cord should 
be transplanted in order to conveniently suture fascial structures to 
fascial structures in this region. As Anson and McVav have pointed 
out the undesirable results of suturing muscle or fascia to Poupart’s 
ligament, it is better to suture the inferior aponeurosis of the trans- 
versus abdominis to the pubic pecten and the insertion of the tendon 
of the rectus abdominis to the point of insertion of the inguinal liga- 
ment at the spine of the pubis. In addition, the corresponding portions 
of the aponeurosis of the internal oblique may be sutured to the pubic 
peeten. This accomplishes a firm reinforcement of the lower inguinal 
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MANEUVERS IN TECHNIQUE CONTRIBUTING TO THE EASE AND 
THOROUGHNESS OP THE REPAIR 


All hernia operations have followed certain general principles, namely, 
high ligation and excision of the sac, and second, plastic reconstruc- 
tion of the inguinal canal. At operation, an examination of the tissues 
is the first step in planning the repair. Anatomic structures vary in 
strength and development in different individuals and obese patients 
frequently offer the most difficult problems. Long- standing, large 
hernias are often accompanied by distortion and atrophy of structures 
essential for use in the reconstruction. Inguinal hernia in the extremes 
of life gives a different picture, for in the child anatomic changes to 
the extent of almost complete destruction have not occurred and the 
tissues are in a state of growth as compared to the state of degenera- 
tion in the elderly person. Depending upon the condition of the tis- 
sues, large hernias may or may not be more difficult to repair than 
small hernias. The accurate diagnosis of the type of hernia with which 
one is dealing is the next step. This can only be made by opening the 
peritoneum at the internal ring, introducing the examining finger 
through this opening into the peritoneal cavity, and testing with the 
finger the usual sites of exit of a peritoneal pouch such as Ilesselbach’s 
triangle and the femoral ring. Femoral hernia is in the true sense a 
type of inguinal hernia and is often missed entirely by omitting' this 
inrportant step. Failure to recognize the presence of a double sac or 
the saddlebag (direct-indirect) type of hernia is a principal cause of 
recurrence. This is likely to happen when only a small indirect hernial 
sac is discovered and the surgeon is less careful with repair of the small 
hernia than a large one. Direct hernias rarely, if ever, strangulate, 
but incarceration and strangulation are common in indirect and 
femoral hernias. The careful inspection of bowel or omentum con- 


tained within a hernial sac is the most important part of the operation 
and may necessitate a second incision through which the extraction, 
examination, and repair of the bowel is clone, leaving the repair of the 
hernia as a step, second in importance. Most inguinal hernias contain 
omentum which is unattached to the sac and slips readily into the 
eritoneal cavity. In every operation for inguinal hernia, the loo.se, 
•edundant peritoneum should be carefully withdrawn through the in- 
ternal abdominal ring as the preperitoneal structures are wiped aside 
' h ‘ t ] ic gauze-covered finger. It is surprising in many eases the 
W ' nt of%eritoneum that one can recover by tin's maneuver. That 
amoun ^ decided advantage is noted by the smoothing out of the 

the s ep n t . , ]ie 0 p ( , [ ,ji 1 gs from the abdominal cavity am} ren- 
pevitoncuni e ^ j^ ose {Jm transversalis fascia over and about these 
dering 1- cla n _ c ^ fascia easier to repair later in the operation. Ms 
openings ma un^ f nlr uinal hernia may be present at the same time, 
both a femoral a - t j le femoral sac through the opening 

both may be repaired b> »>»>- - 
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of the peritoneum at the internal ring as suggested by Fallis and 
McClure . 18 The sac should be closed at the internal abdominal ring. 
This may be accomplished by a continuous or purse-string suture if 
the opening is large or by twisting the neck of the sac and applying a 
transfixion suture if it is narrow. Upon excision of the sac after the 
closure, the stump will retract high because the peritoneum was pre- 
viously drawn fairly taut. The choice of reconstruction of the 
inguinal region depends upon what one has found to be at fault in the 
supporting structures of this region. A standard operation to be used 
in the repair of all inguinal hernia is as impractical as a one for all 
procedure in any other type of surgery. Principles come to play as 
much importance in the repair of a hernia as in the proper correction 
by surgical methods of other conditions. The importance of carefully 
repairing weaknesses of the transversalis fascia in inguinal and femoral 
hernias is a step that must not be overlooked. Very often the weakness 
or separation of the fibers can be repaired by interrupted or plicating 
sutures. Where the weakness is a large one, due to wide separation of 
fibers, congenital absence, or atrophy, then a substitute must be made 
to reinforce the "weakened site by the use of fascia as suggested by 
Gallic or the transplantation of a flap according to Wangensteen’s 
method. The femoral opening in femoral hernia may be repaired by 
suturing the transversalis fascia to Cooper’s ligament as suggested by 
Dickson . 10 To omit the repair of the transversalis fascia or to fail to 
apply a substitute for it is a grave error in technique and one of the 
chief causes of the “recurrence.” 

Considerable controversy has attended the wisdom of transplantation 
of the cord. There are those who believe that a weakness is produced at 
the internal abdominal ring by this step and others state that the lower 
inguinal region is weakened by omitting it. Here again, the choice 
may be made by the consideration of the facts. Gallie’s statement in 
disagreement with the proponents of methods of repair anterior to the 
spermatic cord, “the time which is spent in preventing a hernia from 
getting out of the inguinal canal is much better spent in preventing it 
from getting in,” is a point in favor of those methods used to repair 
and reinforce the structures posterior to the cord. Where there is a 
well-developed weakness through Hesselbaeh’s triangle (direct hernia) 
and an additional support is desired over this point, the cord should 
he transplanted in order to conveniently suture fascial structures to 
fascial structures in this region. As Anson and McVav have pointed 
out the undesirable results of suturing muscle or fascia to Poupart’s 
ligament, it is better to suture the inferior aponeurosis of the trans- 
'ovsus abdominis to the pubic pccteu and the insertion of the tendon 
"I the rectus abdominis to the point of insertion of the inguinal liga- 
ment at the spine of the pubis. In addition, the corresponding portions 
of the aponeurosis of the internal oblique may be sutured to the pubic 
pccteu. This accomplishes a firm reinforcement of the lower inguinal 
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region and transplants the cord to some extent. "Where the weakness 
was chiefly at the internal inguinal ring, through which a large in- 
direct sac escaped, the ring may be reinforced and narrowed by draw- 
ing- together the fibers of transversalis fascia about it and the cord 
need not be transplanted. Where weakness was present at the internal 
ring, Hesselbach’s triangle, and the femoral ring, steps which have 
been suggested may he taken to repair and strengthen all of these sites 
at the same operation. To me it seems that a surgeon cannot really 
plan his operation in the treatment of inguinal hernia any more so than 
he can an operation within the abdomen until he has actually made the 
incision and carefully examined the structures he is to deal with. 

THE SELECTION OF SUTURE MATERIAL 

The repair of inguinal hernia is, in most instances, a clean wound pro- 
cedure as well as a problem in plastic surgery. Adherence to rules 
governing clean wound repair is of primary importance in hernial re- 
pair. Whipple 20 has carefully enumerated the factors of clean wound 
repair and healing and has placed particular emphasis on the choice 
of suture and ligature material. 

Since Halsfed-’ introduced the silk suture into American surgery in 
1882, its use has become increasingly popular. His pupils became mas- 
ters in the silk technique and are responsible for the place it holds in 
our best American clinics. Kocher,' in Berne, first discovered advan- 
tages of silk and Halsted later established the principles for its suc- 
cessful use, which have withstood the test of time as one of the great 
advances in surgical technique. He remarked that "the surgeon 
wedded to catgut is deprived of useful devices which become indis- 
pensable and a delight to the surgeon who has acquainted himself with 
the possibilities of silk,” 

The use of the silk technique stimulated the study of the effect of 
various suture and ligature materials in wounds and their influence 
upon the healing of wounds. One of the chief reasons Halsted substi- 
tuted silk for catgut was that catgut was a source of infecting organ- 
isms. The present day preparation of surgical gut has eliminated the 
possibility of its contamination but it is known to favor growth of 
organisms introduced at the time of operation. Some arguments on 
this score may be mentioned. The length of time surgical gut remains 
intact and strong enough to retain anatomic structures in their position 
• not definitely known. Although finer strands of surgical gut with 
'i- "cr tensile strength arc now available, they cannot he entirely 
S i Tided upon to fulfill the requirements. The strands of catgut to 
ciepe -yi. ; n -relative tensile strength must he larger and thus more 
match SI ^ ^ lh(J wolln( l. Larger needles arc required for their 
materia i- thereby surgical trauma to the tissues is increased. 

introduction an kjlots j n surgical gut, the knot must he tied with 

To adequate!} • - ^ longer to prevent the knot from 

greater force and the 
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slipping. Chemicals used in the sterilization of surgical gut as well as 
the catgut itself tend to produce reactions in tissues. Meleney 22 showed 
the superiority of silk to catgut by proving less infections and more 
complete hemostasis, as well as ease of sterilization. He stated that 
the change from catgut to silk had proved to be the more important 
factor in the reduction of wound infection. Reid 23 has stated, “Non- 
absorbable material is preferred in the ligation of blood vessels as cat- 
gut may become absorbed or stretch too rapidly, which is especially 
true when infection is present.” KraissP* has discussed suture mate- 
rial on a comparative basis and concluded that better general results 
are obtained when silk is used. Meade and Ochsner 25 in a similar 
study of suture materials reached similar conclusions concerning cat- 
gut and nonabsorbable sutures and showed the merits of silk and 
cotton thread to be desirable in repair of wounds. Howes . 26 Sham- 
baiigh , 27 Localio and Hinton , 28 Kaufman, Johnson, and Lesser , 59 and 
Burdick, Gillespie, and Higginbotham 30 have offered rather convincing 
comment on the subject of suture material to be used in hernial sur- 
gery. Ramos and Burton , 31 Zimmerman , 32 Parsons , 33 and Stein and 
Brown 34 have recently shown with supportive evidence the value of 
silk in the repair of hernia. It may be obvious, therefore, that the 
sutures and ligatures to be used in the repair of hernia must satisfy 
certain requirements. Although the ideal suture has not yet been dis- 
covered. it is wise to accept and use the suture material which will best 
retain the structures in their place until healing is complete if the 
recurrence of hernia is to be avoided. 

IMPORTANCE OF THE ANESTHETIC 

It is not easy to render a careful and accurate repair of an inguinal 
hernia if the tissues are not well relaxed. A well-chosen anesthetic to 
meet this requirement is essential. The agents available for this purpose 
are now relatively safe, particularly in the hands of trained anesthetists. 
The choice of anesthetic is immaterial so long as it is safe, renders com- 
plete relaxation, and is not prolonged beyond its usefulness for too long 
a time. 

I'OIXTS IN THE PREOFERATIVE PREPARATION AND POSTOPERATIVE CARE 

In hernial surgery as in surgery in general, careful preoperative 
preparation of the patient as well as postoperative care contribute to 
the safety and comfort of the patient and the success of the operation. 
Lxccpt for the emergency of strangulation, hernial operation is one 

election. Ample time may be taken to decrease the weight of the 
obese patient or to improve the nutrition of a debilitated one and thus 
put the tissues in their best condition. Time so taken will pay divi- 
dends. The average time required for a wound to completely heal by 
first intention is about thirteen days, possibly a bit less in youth and 
somewhat longer in the aged. It does not seem wise to allow a patient 
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on his feet before his wound has been allowed to firmly heal. Some 
surgeons are anxious to get the patient up and about as soon as pos- 
sible with the idea that he will maintain his strength and muscle tone 
and diminish the possibility of thrombosis and pulmonary complica- 
tions. The therapeutic value of rest is not to be overlooked and a 
wound heals kindlier with rest than when the structures about it are 
put to work. Immobilization and rest of wounds not only diminishes 
the chance of infection but also results in a more rapid healing, as the 
methods of Orr 35 and Trueta 36 have shown. 

The patient’s occupation may be the factor to determine the length 
of time he is allowed to convalesce after a hernial operation. A patient 
whose duties require less vigorous activity, such as office work, may 
return to work at three weeks from the day of operation, whereas, the 
hard laborer should be given four or five weeks to fully regain his 
normal strength. This is a matter, however, which is flexible between 
patient and doctor, for it is doubtful if the recurrence of hernia has 
any bearing upon how soon the occupation is resumed if the hernia was 
properly repaired and the wound completely healed. 

STATISTICAL STUDY OF 100 HERXIOPLASTIES 

Statistical studies in a group of hernia cases are of greater value 
when made in a sufficiently large collection over an extended period 
of time. Seldom does such a study give all the facts that should be 
known to make it entirely accurate, for in clinical surveys many ob- 
stacles, over which one has little control, enter into the picture. The 
matter of keeping records is not difficult, but it is perplexing if the 
patient does not cooperate and return at intervals for the follow-up 
examination. 

To eliminate to some extent the inaccuracy of a study of consecutive 
eases of hernia. I have not included those patients who failed to report 
after six months. A group consisting of 74 male laborers, in whom 100 
operations for inguinal hernia was performed by me between the years 
1934 to 1940, is submitted for analysis. The ages varied between 18 
to 58 years. All the patients responded to recall for one year or more. 

OTHER COMPLICATIONS 

1. Atrophy of left testis in one patient, aged 45 years. Bnssini oper- 
ation was performed on both sides in repair of bilateral direct hernias. 

2. Swelling of left testis without apparent atrophy in one patient, 
aged 53 years. Modified Hoisted operation was done for repair of an 
indirect hernia. 

3. Thrombosis of the femoral vein with tenderness and swelling of 
the lower extremity. No patients showed definite signs. 

SUMMARY OI' DATA 

1. <>ne hundred operations for inguinal hernia in 74 male laborers 
were performed between 1934 and 1940. 
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2. 1 he cases are not consecutive, but include only those patients with- 
in this six-year period who returned for follow-up for one or more 
years. 

3. There were 84 modified Bassini operations and 16 Halsted or ante- 
rior to the cord repairs. 

4. There were two recurrences, both following Bassini repairs. A 
direct hernia appeared after a repair of an indirect in one case of bi- 
lateral herniotomy. The other was not a true recurrence but must be 
considered one technically because a large mass of fatty tissue in the 
cord protruded through the external ring and gave the impression of 
a hernial sac. The results were established at the second operation. 

5. There was one case of wound infection, with a draining sinus. In 
this case the wound ceased to discharge after two months and remained 
healed for fifteen months, which was the total length of time this ease 
was followed. "When last seen there was no evidence of recurrence of 
hernia. 

6. There were four cases of postoperative pulmonary complications 
from which all recovered. In one ease, there was pulmonary infarction, 
proved by roentgenogram, following an inhalation anesthetic. Two 
eases of pulmonary atelectasis and one of pulmonary infarction, proved 
by roentgenogram, followed spinal anesthesias. 

7. Spinal anesthesia was used successfully in 50 patients and an in- 
halation anesthetic in 24. 

8. The silk technique was used in 99 operations and in one case cot- 
ton thread nuns substituted for silk. Since all these cases were elective, 
clean wound subjects, surgical gut was avoided. 

9. Although there were two proved cases of postoperative pulmonary 
infarction, in neither case was thrombosis of the femoral vein mani- 
fested by pain or swelling in the lower extremities. The patients were 
discharged from the hospital on the twenty-second and twenty-ninth 
postoperative days respectively. 

COMMENT 


In this study, emphasis is placed on recurrence of hernia and factors 
to avoid it. 

The recurrence rate of 2 per cent in this series is low and cannot he 
taken as a rate representing consecutive cases. More material is on 
hand in a study of consecutive patients but less accuracy is afforded 
• ' concluding the recurrence rate. Data taken on patients never seen 


• two months is worthless in calculating a recurrence rate. 
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fore or since this event when silk or cotton thread was boiled for 
twenty minutes immediately before use. This point seemed to be an 
explanation in our case, although many avenues of contamination may 
be suspected as the cause of an infected wound. 

Swelling and atrophy of the testis is the result of trauma to it and 
the spermatic cord as well as strangulation of its circulation. It may 
be avoided by gentle dissection and especial care in reconstructing the 
tissues about the internal and external inguinal rings. Overlapping 
of the aponeurosis of the external oblique muscle should not exert too 
great, pressure on the cord. 

Phlebothrombosis and thrombophlebitis accompanied by pulmonary 
infarction and embolism are complications which are infrequent. AYhen 
they occur, they are potential dangers to the life of the hernia patient. 
One should be constantly on the alert for their early signs. It is as 
important to prevent them as to treat them. Operative gentleness to 
the tissues and complete hemostasis certainly contribute to the pre- 
vention as much as postoperative precautions. The early use of heparin 
in the treatment of these complications has been a lifesaving measure. 

SUMMARY 

The incidence of inguinal hernia and the frequency of herniotomy 
in modern hospitals is sited to emphasize the relative importance the 
disease displays in the human economy. 

As a basis for the discussion of fundamental factors influencing the 
treatment of inguinal hernia, the highlights in the history of hernial 
surgery are briefly reviewed. 

Although the cure of hernia is a triumph of surgery, the surgical 
treatment is by no means perfect as is illustrated by so-called “re- 
currences.” 

True recurrence, or the return of the exact type of hernia that ex- 
isted before operation, is rare. The “recurrence” usually represents 
all types of inguinal protrusions that occur after hernioplasty. Reduc- 
tion in the rate of recurrence may come from following well-defined 
principles now yielding good results when properly applied, rather 
than invention of new operations. 

Technical steps, which contribute to the ease and thoroughness in 
the repair of inguinal hernia, are recalled. These steps constitute ma- 
neuvers suggested by the trail blazers in the art of hernial surgery. 
They are worthwhile in diminishing technical errors and this is reason 
enough to adopt their use. 

Hernioplasty is in most eases an elective, clean wound procedure. 
Adherence to rules governing clean wound repair are of primary im- 
portance. The silk or cotton thread technique is within this realm and 
the laws for its successful use arc strict, but the results obtained are 
the surgeon’s delight. 
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proved by roenlgenogram, following an inhalation anesthetic. Two 
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by roentgenogram, followed spinal anesthesias. 

7. Spinal anesthesia was used successfully in 50 patients and an in- 
halation anesthetic in 24. 
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infarction, in neither case was thrombosis of the femoral vein mani- 
fested by pain or swelling in the lower extremities. The patients were 
discharged from the hospital on the twenty-second and twenty-ninth 
postoperative days respectively. 
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fore or since this event when silk or cotton thread was boiled for 
twenty minutes immediately before use. This point seemed to be an 
explanation in our ease, although many avenues of contamination may 
be suspected as the cause of an infected wound. 

Swelling and atrophy of the testis is the result of trauma to it and 
the spermatic cord as well as strangulation of its circulation. It may 
be avoided by gentle dissection and especial care in reconstructing the 
tissues about the internal and external inguinal rings. Overlapping 
of the aponeurosis of the external oblique muscle should not exert too 
great pressure on the cord. 

Phlebothrombosis and thrombophlebitis accompanied by pulmonary 
infarction and embolism are complications which are infrequent. When 
they occur, they arc potential dangers to the life of the hernia patient. 
One should be constantly on the alert for their early signs. It is as 
important to prevent them as to treat them. Operative gentleness to 
the tissues and complete hemostasis certainly contribute to the pre- 
vention as much as postoperative precautions. The early use of heparin 
in the treatment of these complications has been a lifesaving measure. 

SUMMARY 

The incidence of inguinal hernia and the frequency of herniotomy 
in modern hospitals is sited to emphasize the relative importance the 
disease displays in the human economy. 

As a basis for the discussion of fundamental factors influencing the 
treatment of inguinal hernia, the highlights in the history of hernial 
surgery are briefly reviewed. 

Although the cure of hernia is a triumph of surgery, the surgical 
treatment is by no means perfect as is illustrated by so-called “re- 
currences. ’ ’ 

True recurrence, or the return of the exact type of hernia that ex- 
isted before operation, is rare. The “recurrence’' usually represents 
all types of inguinal protrusions that occur after hernioplasty. Reduc- 
tion in the rate of recurrence may come from following well-defined 
principles now yielding good results when properly applied, rather 
than invention of new operations. 

Technical steps, which contribute to the ease and thoroughness in 
the repair of inguinal hernia, are recalled. These steps constitute ma- 
neuvers suggested by the trail blazers in the art of hernial surgery. 
They are worthwhile in diminishing technical errors and this is reason 
enough to adopt their use. 

Hernioplasty is in most cases an elective, clean wound procedure. 
Adherence to rules governing clean wound repair are of primary im- 
portance. The silk or cotton thread technique is within this realm and 
the laws for its successful use are strict, but the results obtained are 
the surgeon’s delight. 
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T 3 I'iCOA Kin (i| norm, *il activity in obstructed and distended intestine 
A v is ])i).ssii)le niter ninny hours. 1 ’ 2 The mortality rate of distention 
is nssoeinfod intimately with the decree of eniharrassment of the lilood 
sii])j)ly to the atfeeted portion of t lie bowel." The question of viability 
of the intestine' 1 is important and the present study was undertaken 
to determine the role of the intestinal capillary circulation during 
varying degrees of intraluminal pressure. 


METHOD 


Nats anesthetized with pentobarbital sodium subcutaneously (4.5 nig. 
per J00 f« m. rat) were used. A fourth of this dose was repeated hourly 
as needed. A 2 cm. piece of intestine (jejunum or ileum), drawn out 
through an abdominal stab wound, was distended with air and illumi- 
nated without heating'- 1 (Fig. 1), but with blood supply intact. Capil- 
lary' circulation was observed at a magnification up to 150 diameters. 

The field under observation and all exposed viscera were kept cov- 
ered with a gentle stream of mammalian Ringer’s solution at 38° C. 
The rat itself was supported on a warm stage, also at 38° C. It proved 
important to prevent angulation or kinking of the vessels supplying 
the distended loop. This factor was controlled uniformly. 

Careful hemostasis was observed throughout. The ligatures holding 
the cannula for air pressure and the quartz rod light source (Fig. 1) 
were placed so that the blood supply to the loop of intestine under con- 
sideration was not interrupted. A loop was chosen so that it was sup- 
plied by both limbs of a mesenteric arterial arcade of vessels. 

Controls with loops prepared as described but without distention did 
not show any change of capillary circulation up to five hours. This 


controls the factor of necessary exposure. 

Illumination within the intestine was furnished by a modification of 
(he Knisely technique 4 as described by Wakim and Mann. 5 

Two series of experiments were performed: (1) increasing degrees 
of distention for short periods (two minutes) to determine the level at 
' -inch intraparietal capillary flow was changed or stopped; (2) increas- 
■ t' e periods during which the intestine was maintained at a fixed 
nLndirn- pressure. Capillary circulation was observed during and 
° tl e end of this second series of experiments up to thirty to sixty 

minutes after deflation. 

— f Wn-siolovv Temple University School of Medicine. Philadelphia. 

•The Department ot 1 nJ -' Med!c , ne . Mayo Foundation, Rochester. 
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RESULTS 

Description of the Capillary Field . — In any field examined at the anti- 
mesenteric border under a magnification of 75 to 150 diameters (Fig. 2) 
several arterioles and venules were seen accompanying one another, each 
pair lying only approximately at right angles to the long axis of the gut. 
The capillaries may be seen issuing from the arterioles. They always 
arise from their vessel of origin so as to lie either strictly in the long 
axis or at 90 degrees to the long axis. Thus the typical capillary jiat- 
tern, as seen, described a series of rectangles (the sides of which were 
often at different levels) which overlay or underlay the larger vessels. 
This pattern is especially evident when for any reason the capillaries 
are dilated (reactive hyperemia) or when they contain motionless 
erythrocytes (excessive intraluminal distending pressure). 

Continuous examination of any field made it quite evident that the 
smallest vessels were of two kinds, one which always was carrying- 
blood and another which showed only an intermittent flow. Both types 
showed plasma skimming. 



When the circulation through capillaries was viewed within a lymph 
aggregate, the usual pattern of distribution was not seen. No definite 
plan of distribution could be distinguished within the node. 

Intraluminal Pressures at Which Intestinal Infra parietal Capillary 
Circulation Is Altered . — At distending pressures of 10 and 20 mm. of 
mercury the intestine was more transparent than before distention but 
no changes of circulation were noted. At 30 nun. the eapillarv circula- 
tion was at first a little slower, then faster again, as was the circulation 
in the arterioles and venules. Individual erythrocytes eoukl be identi- 
fied. At 40 mm. a few capillaries disappeared and a few more con- 
tained motionless erythrocytes, Imt most were normal. Flow in ar- 
terioles and venules was slower. At 50 nun. only a few capillaries 
were patent. Some larger vessels contained oscillating cells while the 
largest still had rapidly flowing blood. At fiO nun. all eapillarv flow 
had ceased and only in the largest vessels was blood flowing rapidly 
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-Al 70 mm, no /low a I nil was .scon 
(nrforiolos and vonulos) which had 
al 80 nun. ovon this had stopped. 


osoopf in one or two large vessels 
a sluggish or oscillating flow and 


Al each distending presMire up to fiO nun. of mercury the rate of 
(low immediately lifter establishment of tin* new level was slower than 
previously but within one minute it was faster again. At the end of 
any series when the distending pressure was released, intense hyper- 
emia was seen, the so-called reactive hyperemia. Functioning capil- 
laries were dilated widely. The typical capillary pattern was thus 
ipiite clear and many capillaries could he seen that had not been in 
evidence he lore. This hyperemia lasted less than one minute. 



•p,, o (a) Tvpical capillaij pattern in undistendcd intestine, (b) same duiing an 

*ig. v j ntra ] Unlina i distending piessuie of 30 mm of mercuij (X100). 


Althou n h capillary flow no longer could be seen at levels of 60 mm. 
or more distending intraluminal pressure, there was active circulation 
in the parent arteriole and venule with pressure as great as 90 nun. 
These vessels which continued active could be traced backward into 


the mesentery. 

t ■ Times of Distention at a Constant Intrahnnmal Distending 
1 aiymg distending pressure of 15 mm. the intestinal wall was 
Pressure .— 1 transparent than before distention. Capillary 

rendered fol . perio * „p Deflation 

circulation lema: n-vneremia of less than on e-minute duration. 

was followed by reactn emu 
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At a distending pressure of 30 nun. capillary flow in most eases was 
somewhat slower than before distention (individual corpuscles could 
be distinguished) but remained good (Fig. 3). This adequate capillary 
flow persisted for periods tested up to five hours. Flow in the larger 
vessels was proportionately slower. The intestinal wall was trans- 
parent. In one ease in w hich distention was carried to five hours, flow 
came to an end in the capillaries at 3.5 hours but remained good in 
larger vessels. Deflation in all cases (including the one in which capil- 
lary flow stopped) was followed by intense dilation of all vessels and 
appearance of some new capillaries. In the case in which capillary 
flow stopped, some capillaries with stationary erythrocytes were seen 
thirty minutes after release of pressure. Scattered eechymoses were 
also present in this case. 
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«»ml b —Hi uti\i* «hnii>E itinn iftor lnti.ihimin tj 

l»t< of .:ti mm of <xl(*0) 




At higher distending pressiues of 50 to <>0 mm. of mercury, studied 
tor periods ot one to two hours, capillary (low was diminished in rate, 
llus slowing of Kite was soon followed In, cessation of flow, which eon. 
dition peisisted for one to two hours After deflation capillary flow 
i cco\ ered m large part. IIowcum. a few capillaries were plugged and 
some eechymoses w ere present at the end of one hour. 

/Vm/n/ws.— Peristalsis was nnituimh absent in the loop of intestine 
under study during the period of distention. It leUirned with vigor 
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following deflation. Adjacent loops, above and below the distended one, 
"cio frequently active during ihc period of distention in the test hop. 

h'olc of Kinl; inn »f Eslrnpnrirlal Vexsch.—U was found that the hop 
of intestine studied must lie long enough to prevent angulation or kink- 
ing ol vessels of supply during the time of inflation. When this angula- 
tion was prevented at a distending intraluminal pressure of 30 mm. of 
mercury the infraparietal capillary circulation always remained good. 

lien kinicing or angulation was permitted, flow sometimes ceased in 
capillaries with clumping of erythrocytes and eccbymoses, even at a 
distending intraluminal pressure of 30 mm. Despite this, recovery of 
flow took place in most of these capillaries following deflation. Never- 
theless, some capillaries remained plugged thirty minutes later. 

Ihstohxjte Controls . — Sections taken from the distended test segment 
of intestine and control segments situated approximately 2 cm. proxi- 
mal were stained and compared. At distending pressures of 25 and 30 
mm. of mercury maintained for five hours there were no distinguishing 
histologic changes." At higher distending pressures (50 to 60 mm.) 
maintained for two hours changes were seen, consisting principally of 
hemorrhages beneath the visceral peritoneum and into the muscular 
layers and mucosa. Large dilated vessels plugged with erythrocytes 
and disintegration of the mucosa were also noted as a result of these 
high distending pressures. 


COMMENT 


Landis 0 has pointed out that pressures in the capillaries of rat mesen- 
tery have an average value of 1 2.6 mm. of mercury at the venous end. 
At first glance one might think that an opposing distending intraluminal 
pressure about 13 mm. would bring capillary flow to a standstill. How- 
ever, in these experiments intraluminal pressures of four to five times 
that value were required to bring capillary flow to an end. This may 
he due either to the fact that the gradient of pressure from capillary 
to vein 7 persists during intraluminal distention since such pressure 
probably is applied equally to intraparietal arterioles, capillaries and 
veins- or it may he that the intraluminal distending pressure is not 
entirely brought to bear on the vessels of the wall. It is possible that 


both these factors may operate. 

A continuous flow in arterioles and venules at distending pressures 
of 50 to 60 mm. of mercury, although blood is no longer circulating 
. capillaries, may indicate the presence of arteriolovenular anastomo- 
1U -inch have been described in the mesentery of the mouse 8 just 
ses, v capillary bed or continuity of the two vessels. The 

proximo ^ a f ter a n initial slowing at any new distending 

improyem w ihch has been shown in dogs by different 

level is g flation hyperemia also has been demonstrated by differ- 


ent technics. 10 
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Maximal intra-enteric pressure with simple experimental obstruction 
and in clinical eases without peristalsis is approximately 15 mm. of 
mercury. 11 Since at this value our experiments did not indicate any 
interference with capillary circulation for periods up to five hours, a 
basis is furnished for understanding the success Avith which obstruction 
of the intestine Avith distention is endured by the organism. Maximal 
intra-enteric pressure found in clinical cases AA'ith peristalsis is 23 
mm.” Our series at 30 mm., representative of this group, indicated 
that capillary circulation usually is not obstructed by distention for as 
long as five hours and even though it may he, recovery of most capil- 
laries after deflation is the rule. 

In closed obstruction, higher A*alues (50 to 60 mm. of mercury) for 
intraluminal distending pressures occur. 12 At these pressures in our 
experiments capillary flow ceased. IIoAvever, it recovered after tAvo 
hours of distention although eeehymoses and a feAV plugged capillaries 
Aveve to he found after thirty minutes of observation following deflation. 

Angulation of extraparietal vessels, ruled out in this stud}', must he 
an important additional factor in clinical eases. Observations during 
this study confirm this fact. Reacth-e hyperemia following deflation 
may he similar to the faA-orable sign surgeons seek at the operating 
table following deflation, indicating Amiability. 

It is of interest that the capillaries lie at right angles to one another, 
to the transverse, and to the long axis of the gut. It may be suggested 
that their relation to circular and longitudinal muscle fibers is con- 
cerned in this pattern. The presence of two kinds of capillaries has 
been described already. 8 

SUMMARY 

A typical pattern for intestinal intraparictal capillaries is described. 
Intrapnrietal capillary flow ceases Avhen intraluminal distending pres- 
sure reaches 50 to GO mm. of mercury. At an intraluminal distending 
pressure of 15 mm. maintained for fh-e hours no change of intraparietal 
capillary circulation Avas detected. At an intraluminal distending pres- 
sure of 30 mm. maintained for five hours intraparietal capillary circu- 
lation Avas slightly slower than normal hut remained adequate. At an 
intraluminal distending pressure of 50 to 60 mm. maintained for tiro 
hours intraparietal capillary flow ceased Avithin one hour. Reactive 
hyperemia folIoAved deflation in all series of distentions studied. If 
angulation or tAvisting of extramural A-esscls is permitted, intraparietal 
capillary flow stops at low values of distending pressure (less than 
30 nun.). 
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CHRONIC PARTIAL INTESTINAL OBSTRUCTION DUE TO 
INTUSSUSCEPTION OF AN APPENDIX EPIPLOICA 

Maurice S. IIartk, M.D., New York, N. Y. 

(From the Surgical Service of Dr. John II. Carlo cl:, 2It. Sinai Hospital) 

T IIE unusual pathologic picture presented at operation and the in- 
terpretation of the course of events in tire clinical history prompted 
the report of the following ease. 

CASE REPORT 

p. II. (No. 48(5158), aged 5(i veins, a white, imuried man, noted a marked change 
in his usually very legulnr bow el lmbits during the twelve weeks piior to admission. 
This wit® accompanied by mild left lower quadiant abdominal discomfort; however, 
the constipation during this petted was severe and lequired the constant use of 
cathartics. The stool was small, dry, and thin. Slight bloodstreaking of the stool 
was noted on a few occasion*-. There was free passage of flatus but no nausea or 
vomiting. Weight lo«s amounted to four pounds. 

Examination revealed a well-nourished adult with two posit i\e findings: a loop 
of distended bowel in the left lower quadiant, with visible peiistalsis. There was 
no mass, tenderness, or rigidity. 

Sigmoidoscopy . — Intestinal mucosa was noimal as far as the end of the instrument. 
Horn tgenography. — Study by means of barium enemas, icpeated on three occa- 
sions, revealed complete obstruction at the mid-sigmoid, with a large filling defect 
at that point. These findings, in the opinion of the roentgenologist, were typical 
of carcinoma (Fig. 1), 

Diagnosis . — Chronic partial intestinal obstruction due to carcinoma was the pre- 
opeiative diagnosis. Polypoid tumois (polyp, submucous lipoma, etc.), or specific 
gianulomns (actinomycosis, gumma, tulierculoma, lymphogranuloma inguinale) 1 
might cause the picture presented by this patient but such diagnoses were not 
seuously entertained. 

Opr ration. — The abdomen was entered tlnougb a left lower rectus muscle-split- 
ting incision. Exploration repealed a puckering of the posteiomedial wall of the 
sigmoid with what, at first, was thought to bp a .submucous lipoma about 3 cm. in 
diameter, almost completely obstiuetiiig the lumen of the bowel. The proximal colon 
was dilated: the distal colon was normal. Xu lymph nodes weie palpable in the 
ines„signioid. The b\er was normal; several stones wcie present in the gall bladder. 

< 'loser inspection proved the lesion to be an imagination, or, better, an intussus- 
' option at an epiphne appendage into the bowel causing an almost complete ob- 
struction l Pig. 2). Palpation through the wall of the bowel indicated to the sur- 
geon that the mucosa was ulcerated (Pig. 3). There was no proof that tlu* mucosal 
lesion was benign; it was decided, therefoie, to excise the segment of bowel bearing 
the lesion Accordingly, an obstructive resection was performed. 

The posto]H-rati\e eoursc was uneventful. The spur was crushed on the thirteenth 
pos|o]«-rative day ; the colostomy was closed on the thirty second postoperative dav, 
ami the patient was discharged on the sixtieth postoperative day. 

I’athotngg. - ilrnw: Specimen consisted of a resected portion of the sigmoid 
winch measured 10 cm. in length. The serosal surface was smooth. In the center 
of the sjM'eimen m the region between the anterioi and lateral taenia eoli there 

iv<<! for imlilie.itton. S« ft. 21. jstg 
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witM n ptirkoieil imii-m uliicli lm<l curried nlmij; with it an epiploic appendage. On 
“t-cfimi tin* pint nil Hi bail l.ceimie imnginntcd consisted of a partinily necrotic ma‘S 
whieli mi** roiiphh Mplierienl in sluijir* mid measured ?,. 7 > cm. in diameter. The 
imieoml sin fine mis Kteenisli nnil neerotie at tin* liend of the mass but at the ba‘C 



l,' lc X-ia> o£ bnintm enema, shomnp tlltinp (Tcfect and obstruction at the mid- 

sigmoid (Oblique \ie\\.) 



Fjg , Appendi*. ep.plo.ca Jutting out of _ the "buirou" created for it b 3 the bowe. 

a „ gjanular and modemteh inflamed. This mass bad np 
the mucous membrane ■ ? ;jit(j tUe coloIt . T i le remaindei of the mucous mem- 

narentl) become mtussus 1 [ The distance betueen the tumor mass and 

Plane showed no g roSS n 
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one line of resection was 3 cm., between the tumor mass and the opposite line of 
resection, 4.5 cm. 

Microscopic .— On section the mass consisted of fat tissue which was connected 
with epiploic appendage and its surface was covered by thinned out muscle layer 
of intestinal wall. 

Analysis of Pathology.— As can be seen (Fig. 2) the epiploic appendage had 
become intu«susccpted into the sigmoid, completely surrounded by the bowel wall. 
This wall of the invaginated sac wa« composed of the normal number of layers, but 
the nnmcularis was markedly thinned (Fig. 4). The overlying mucosal surface had 
a chronically ulcerated base as well as aeute ulceration (Fig. 3). 





Flp. 2. — Bowel opened to expose mucosa. Mucosal ulceration may be seen at lower 

center of photograph. 




rig t — Hemisecllon of bowel wall and epiploic apptndago (gross) 
wail l« Intact although the muscle Jajer ;i markedly thinned out o\er the 
imnKlnatul appontlam*. 


Th** bowel 
ape\ of the 


Xo similar ease could be found reported in the* literature. The .surgi- 
eal importance of the appendices epiploicae has been the subject of rela- 
tively few dissertations. Littre. in 1703. is believed to have recorded 
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iho r,rsl . ‘' ase wUh « disrt,s ' sio " of Hi esc i'afly appendages, when lie found 
n pen-sized, white, stonclilce foreign body in the alidornen of a cadaver, 
a tree appendix epiploiea.- In 1917, Harrigair reviewed the literature 
to that, time; since then, several reviews have appeared namely, Hunt 
(11)1.0) , J Klingensfein (1924)/- Patterson (19:13),“ and Moore (1940).' 
i afteison divided the diseases afierling the appendices epiploieae into 
lour categories : inflammatory changes, torsion of the pedicle, calcifica- 
tion and formation ol loose bodies, and incarceration in a hernial sac 
with or without torsion, Moore subclassified certain of these groups, 
but, in all, the only mention made of intestinal obstruction, which in any 
way concerned the appendages, has been in connection with inflamma- 
tory adhesive bands either between appendages or from one to another 
organ or the parietes. A total of ten such cases'* has been collected. 
However, no report of invagination of an appendage into the bowel 
could be discovered in the literature. 


Porictnltic 



Livona 


Fig. !>. — Schema of suggested pathogenesis of lesion. 


It is of interest to speculate upon the etiology of this unusual picture. 
A congenita] ■weakness may always be offered as a possibility, although 
there is no proof of it; no similar example has been previously reported. 
To account for the invagination one must postulate a series of unknown 
pressure factors within the abdomen since the intralumenal pressure 
due to repeated passage of firm, semisolid feces forced along by peri- 
stalsis would more likely cause an outpouching. Such an outpouching 
may more properly he called a diverticulum, a true diverticulum, since 
all the bowel coats w'ould be involved. It may be recalled that congenital 
weakness is mentioned as one of the possible etiologic factors underlying 
the formation of diverticula (Beer, 0 Telling, 10 McGrath, 11 quoted by 
Wilkinson 12 ). 

A second and move generally accepted theory than the one mentioned 
for the origin of colonic diverticula postulates that they tend to 
” Kr ' e ni .° fhp base of an epiploic appendage, pushing out along a potential 
101111 , -i bv the exitus of the blood vessels through the muscle 

" -e f t r .ti <zu- «»»».■• 

COa , q t„n>‘ (moled by Telling 10 and Hunt 1 ). The sigmoid is prob- 
Bland-Sutton q ■ , f the co j on f or diverticula to occur 

ably the most common of all pans 
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(Wilkinson, 12 Spriggs and Marxer, 1, and MacCallum 18 ). Their size 
may vary from that of a pea to tlie dimension of a lien’s egg {Mc- 
Grath 11 ). However, its invagination cannot be easily explained. On 
the contrary, there usually occurs a narrowing of the neck of these out- 
pouchings which would tend to prevent the invagination that occurred 
in the case reported. The accepted theory concerning the formation of 
colonic diverticula and the generally known complications associated 
with their presence are sufficient reasons for considering an invaginated 
diverticulum in our ease as an untenable explanation. 

A plausible pathogenesis has been offered by Dr, S. Otani, Associate 
Pathologist to the Jit. Sinai Hospital. He suggests that a submucous 
lipoma (or polyp) may originally have been present, attached to the 
bowel wall at the site of the ulcerated mucosa covering the invaginated 
portion. The dragging action of the fecal stream upon this growth 
gradually increased its length and narrowed the neck of the pedicle, 
at the same time tending to invaginate the bowel wall at its base. This 
could weaken the muscle layer of the wall at the area subjacent to the 
base of an epiploic appendage and, thus, invaginate the appendage. 
Continued pull of the fecal stream could pull off the polypoid growth, 
leaving an ulcerated mucosal base which persisted (Fig. 5). 

Manhcim and Peskin* 9 recently reported a ease in which a submucous 
lipoma of the sigmoid was extruded spontaneously; in addition, they 
collected twenty similar cases from the literature. They state, “One 
theory offered is that invagination of the affected area of the intestine 
results in necrosis with sequestration of the intussuscepted portion.’’ 
This theory would confirm Dr. Otani ’s theory if it could be assumed that 
the intussuscepted portion was not sequestrated. However, we have no 
proof that this polypoid growth ever was present, but mention this in- 
teresting and hypothetic possibility. 

Summary . — There is presented herewith the ease history of a patient 
suffering from chronic partial intestinal obstruction caused by the in- 
tussusception of an epiploic appendix into the sigmoid, which, clinically, 
was indistinguishable from an obstructing neoplasm. The possible causes 
of t his unusual condition are discussed. 

ADDENDUM 

Since tlii- report uti- accepted for publication, throe additional eases of intestinal 
obstruction caused l»y epiploic appendages were reported by Giflin. H. M., .Me 
Mananij , K I*., and Waugh, .r. M.: Arch. Surg. 45: So 1 , ]0J2. 
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THE MICROSCOPIC DIAGNOSIS OP RADIOPAQUE 
SUBSTANCE IN THE VERMIFORM APPENDIX 

S. Saxes, M.D., axd Johx Ambrusko, M.D., Buffalo, N. Y. 

(From the Pathological Laboratories of the University of ISitffalo Medical School ) 

I N 1937, the curiosity of one of us was aroused by a peculiar content, 
noted through the microscope, in the lumen of an appendix which 
had been sectioned following removal at operation. The content was 
interpreted as radiopaque substance, received by the patient at some 
time for roentgen examination. Subsequent clinical, radiographic, and 
pathologic study confirmed such interpretation. The content was ap- 
parently barium sulfate. Gross 1 and speetrophotometric 2 detection of 
barium sulfate in the extirpated appendix has been recorded in the 
literature. Reference, however, to observation and study identical with 
ours does not appear in the Quarterly Cumulative Index Mcdicus of the 
past twenty-five years. For this reason, as well as for the implications 
which it carries for pathologist, roentgenologist, and surgeon, the micro- 
scopic diagnosis of radiopaque substances, particularly barium sulfate, 
in the appendix is here described. 


REPORT OF CASES 

From Oct. 1, 1940, to Sept. 30, 1941. 854 appendices were examined 
histologically at the Buffalo General Hospital. In the following ten 
specimens, what appeared to be barium sulfate was found micro- 
scopically. 

Cask 1. — F. M . . was a gift, 21 yeavs old. The prooperative diagnosis was chronic 
appendicitis. Xov. 7, IB-10. gastrointestinal series amt Lari a in enema were given. 
Tlio appendix " as visualized ami Xov. 1 ■!. 1B40, appendectomy was done. 

(■’ask 2.— M. X. was a lo-yonr-old girl. The preoperative diagnosis was rup- 
tured corpus tutenm or chronic appendicitis. Dee. 2. IP-lf), gastrointestinal series 
was made. The appendix was visualized in a retrocecal position; it was fixed hv 
external adhesions, tender. Dec. 4. 1‘t-in, appemleetomy was done; appendix retro- 
cecal. 

('ask I... was a male, 21 years old. The picoperative diagnosis was appen- 

dicular colic. X«n. 20, IP m, gastrointestinal series was made. The appendix was 
faintly visualize 1. and found incompletely fdle 1 ns a result of feealitlis tender On 
Dec. 2. 1!U0. appendectomy was done. The appendix was dilated liv feealitlis. 

Cask I.— I.. C. was a l.'I-vear-old unman. The preoj er.itive diagnosis was gastric 
nicer, uterine fibroids. and chronic apjiendicitis. On Dec, P, 10-10, roenteen examina- 
tion of the Stomach ami duodenum "a- made and gastric ulcer and duodena) 
diverticulum were found. On Dec. In. 1PUI, re-eetion of ulcer, hysterectomv, left 
'•alpingo oophorectomy, and appendectomy were done. Tla> appendix contained foen- 
1th; vhruiiic 
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('AM I,. I)., was » woman, lit veins old The j,i ooper.it i\ o diagnosis was 
(ilirmd n(o, us. On IVI. 27 (o «x, |*m, g.istromtostmul series and barium enema 
uoro given llsoplmge.il iliveitn ulu.n was found. Tlio appendix was visualized 
On Maroli 8, 1011, hy tdeiet toniy, loft salpingo oophorei tomy, and appendei toniy were 
dono. Tiio appendix was adlioront, Inin on obbloiafod in the distal part, and chronic 
poi ill ppoild t( it is. 

( am li J{ S., was a .77 vein old man Tlio pieopeintive diagnosis was peptic 
lib oi with perforation. Mnitli J, J0I1, gastiointostinal senes was started but 
stopped beiniiso tlio patient developed pain. MiihIi 11, 1.0)1, Ins appendix was 
obtained at autopsy. 

0\M 7. — JC. M. was a womin, (0 yetrs old Tlio picopeiative diagnosis was ap 
pondiuil nb«i ess witli sinus On May 7, 1011, gastrointestinal series and barium 
enema wore given The appendix was visualized. May l(i, 1041, appendectomy 
was perfoiniod; histologically (liiomi, aitive appendicitis 

Cvsr *> — M. c. was a (7-vearold man. Tlio pieoperafive diagnosis was chronic 
•ippoadu it is dune 10, 191], gastiointostinal senes and baniim enema were given 
The appendix was visualized and on June 11, 1041, appendectomy was done 

C\si 9 — If K was a woman, 39 voars old The preopeiative diagnosis was 
chronic appendicitis On Julv ”1, 10 !1. gastrointestinal series and barium enema 
woie given The appendix was visualized and dneiticulosis of tlie colon was found 
Julv .'11, 1041 appendectomv was peiforaied and the appendix was found retrocecal, 
adbeient, and dilated by feealitbs 

OlSI 10 — J. S, a male, was 27 veins old The pieoperative diagnosis was inter 
val appendn ltis. On Sept 14, 1041, biiiuni enema was given; the appendix was not 
visualized Fluoroscopic, examination was made of the stomach Sept. 18, 1941, 
appendectomv was done and the appendix was found ictrocecal, containing conere 
tions 


Fiom Oct 1, 1040, to Sept. SO, 1941, theie wane 141 appendices ex- 
amined histologically at the Buffalo Childrens Hospital In the follow- 
ing four specimens what appeared to he baiium sulfate was found 
microscopically 


C\sr, 1. — M II, was a female, 10 months old The pieoperative diagnosis was 
intussusception On Oct 17, 1940, a baiium enema was given TJieie was a filling 
defect of the cecal and ascending colon due to intussusception On Oct IS, 1940, 
there was a l eduction of intussusception and appendectomy was done 


Case 2 B D was a 2 year old gnl The pieopeiative diagnosis was wtussus 

i option On March 11, 1941, a baiium enema was given There was cupping, and 
filling defect in the midtiansveise colon which receded to the cecum under force 
'of solution On March 11, 1941 theie was a icduetion of intussusception and 
Removal of mesenteric lymph node; appendectomy was done 

_ gr g ji Q vi as a girl, 9 years old The pieoperative diagnosis was con 

. jntestmal obstiuction On Dec 29, 1936, g isti omtestmal series and barium 
K enl ‘ .men March 24, 1941, gastrointestinal series and baiium enema weie 

enema " CI ® aP peniU\ not visualized On April 2S, 1941, gastrointestinal series 
lepentef , ‘ a^^asnot visualized On May 3, 1941, anterioi gastroenterostomy 

was P *n,m (1one T j, e appendix dilated, contained fecalith 

and appen as a 6veai old boy The preoperative diagnosis was mtussuscep 

Case 4 1 ‘ ^ a barium enema was gnen There was a deformity of 

tion On Sept , • ' release of adhesions, appendectomy was done In the 
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Prom September, 1939 to October, 1940, there were 400 appendices 
examined histologically at the is i agara Falls Memorial Hospital. In the 
following three specimens, what appeared to be barium sulfate was 
found microscopically. 

Cask 1. — C. X 5 . was a man, .'IS years old. The preoperativc diagnosis was chronic 
appendicitis. On April 1, 1941. a gastrointestinal series was taken. The appendix 
was visualized and found to he tender. May 14, 3940, appendectomy was done; 
the appendix contained feealith. 

Cask 2. — R. D. was a 30-vear-old man. The preoperativc diagnosis was chronie 
peptic ulcer. On Sept. 3, 1041. a gastrointestinal scries was given. When the ap- 
pendix was visualized, it was discovered to he somewhat enlarged at its tip and 
slightly tender. Sept. 9, 1940, resection of the stomach was done for ulcer and 
appendectomy. The appendix contained feealith. 

Cask 3. — R. E. II. was a 9-vear-old buy. The preoperative diagnosis was chronic 
appendicitis. Sept. 12, 1940, a gastrointestinal series was given. The appendix 
was visualized; retrocecal, behind midascending colon. Sept. 10, 1940, appendec- 
tomy was done; the appendix dilated. 


* * « 

(C 



Kim 1. — Positive prints from x-rnj- films of routine parafiln blocks showins. in 
upper row. barium in lumen of imbedded appendical seaments ; in lower row, control 
blocks with no baitum in appendical lumens. 


SUMMARY OU OBSERVATIONS 


In 1,395 appendices examined niieroseopieallv in the laboratories of 
tiie Buffalo tieneral. Buffalo Childrens, and Niagara Falls Memorial 
Hospitals during one year, what appeared to be barium sulfate was 
discovered in the lumen of seventeen specimens.* This discovery was 
made in all of the sixteen surgical eases without knowledge of history 
of previous radiographic examination of t ho patients. 

Various means were employed to cheek our microscopic observations. 
In every ease review of the clinical record yielded information of a 
gastrointestinal series or barium enema. Patients had not received ora! 
medication which might he confused with barium sulfate. In one ease 
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which sections had been cut, where these blocks were on hand. Density 
of radiopaque substance in paraffin blocks was differentiated from that 
of feces, fecalith with calcification, and foreign body. Roentgen study 
disclosed that if present in sufficient amount, radiopaque substances may 
be demonstrated in lumen of the appendix by x-ray films of slides made 
for histologic examination. Appendical content which was thought to 
be barium sulfate in sections of surgical specimens was compared micro- 
scopically and radiographically with the content of normal appendices 
filled with barium sulfate, bismuth subnitrate, and bismuth subcarbonate. 
From the last two drugs, the first was distinguished microscopically. 
Spectroscopic examination confirmed the presence of barium in three 
specimens, which were so tested. 

When present in the lumen of the appendix in great amounts, material 
accepted to be barium sulfate was made out as a white, opaque sub- 
stance in the gross specimen, in embedded segments, and in mounted 
sections. Rarely, barium sulfate in segments of appendix in paraffin 
blocks caused difficulty in cutting sections. With strong central illumi- 
nation, barium sulfate appeared in sections on the microscope as glisten- 
ing, green- gray, retractile, more or less amorphous material. With sub- 
dued central illumination it became darker in color. It was also ob- 
served as a glistening substance with dark field illumination cither by 
use of ring stops with central disks, or of special reflecting condensers. 
In the polarizing microscope it presented no crystalline structure. The 
amount of barium sulfate in the lumen varied. It was distributed free 
in the lumen, mixed with feces, or incorporated in fecaliths.® 


COMMENT OX OBSERVATIONS 


At first glance the microscopic recognition of barium sulfate in the 
appendix might appear to serve merely as a diagnostic trick for the 
pathologist. By such recognition ho is enabled to staitlc the surgeon with 
the teporl that the patient had been subjected to radiographic examina- 
tion ol t he gastrointestinal tract before operation. 

Further thought, however, on implications of the microscopic diag- 
nosis of barium sulfate in the extirpated appendix raises a few points of 
practical significance. 


Concerning the interpretation of eeilain signs in radiographic study 
of the appendix, theie has been a difference of opinion . 3 For example, 
one Mew '- 4 holds that the normal appendix should generally be visual- 
ized during a gastrointestinal examination. Absent or incomplete fill- 
ing by indiopnqne substance is looked upon as evidence of disease of the 
appendix. On the other side .' 1 it is maintained that the “nounal ap- 
pendix is Msualized only by the opportune coincidence of Us filled con- 
dition to loeiitgeiKigr.iphie fluoiowopie examination. Xom ixualizatioii 
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never necessarily means mi occluded mid nonfillablc appendix.” In our 
study we showed the presence of barium sulfate in the lumen of one 
appendix which had not been visualized in routine radiographic ex- 
aminations on three occasions.* In respect to the problem of visualiza- 
tion and filling of (he appendix, the microscopic diagnosis of barium 
sulfate along with roentgenograms of the extirpated and embedded ap- 
pendix appears to ofler a new and simple method, at least in one group 
of cases, to check the frequency with which barium sulfate enters the 
lumen of the appendix without detection by Ihe roentgenologist. 

Of interest is the microscopic diagnosis of barium sulfate in ap- 
pendices which bad not been visualized by barium enema for intussus- 
ception and which bad been removed within twenty-four hours after 
ejection by t he patient of the barium per rectum at the time of surgical 
reduction of intussusception. 

Among the daily tasks of t he pathologist is the examination of the 
appendix removed for “chronic appendicitis.” Sometimes tiie appendix 
is the site of an inflammatory process which can be related to a previous 
acute lesion or can be classified as a recurrent or chronic lesion. More 
often the surgical specimen is described histologically as “not remark- 
able”; it shows no signs of active inflammation. The pathologist does 
not satisfactorily explain the clinical symptoms on inflammatory 
grounds. And the surgeon and roentgenologist interpret “chronic ap- 
pendicitis” on a mechanical and functional basis. Wangensteen 2 '’ states, 
“Chronic appendicitis is essentially a loosely employed clinical designa- 
tion for recurrent or persistent appendical obstruction.” From a radio- 
graphic standpoint, Holmes 4 remarks, “In the so-called ‘chronic ap- 
pendix’ where the infection has come and gone, there may be no evidence 
of the process other than fixation and failure to empty. An appendix 
which retains barium several days after the ascending colon has emptied 
is a potential source of trouble. ’ ’ 

In our study we noted barium sulfate which had been retained in the 
appendix from two to forty-three days after ingestion or enema. 

Two questions arise. In retention of barium sulfate, diagnosed 
microscopically, do we have a direct histopathologic sign indicative of 
disturbance in evacuation of the appendix? How far can this sign 
be correlated with the clinical and radiographic picture of “chronic 
appendicitis”? 

We observed retention of barium sulfate in sections of appendices ot 
13 patients. Of these patients, 9 were operated upon for ‘ ‘ chronic ap- 
pendicitis,” “interval appendicitis,” or “appendicular colic.” In only 
1 appendix from this group of patients was there evidence of active in- 
flammation. The other 7 appendices revealed: fecalith and dilatation, 

2- retrocecal position and adhesions, 1; fecalith, retrocecal position, and 
adhesions, 1; retrocecal position and fecalith or dilatations, 2; “nothing 
— ^Also in another appendix, without radiographic visualization, not included in this 
study. 
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remarkable," 2. In 4 patients with retention of barium sulfate the 
appendix was excised at operation, or autopsy for peptic ulcer, 2 ; fibroid 
uterus, 1 : congenital intestinal obstruction, 1, From this group, 1 ap- 
pendix showed partial obliteration of lumen and chronic appendicitis 
and periappendicitis. The other 3 revealed: fecal it h and dilatation, 2; 
" nothing remarkable," 3. 

Of course, our study contains loo few cases from which to draw 
definite conclusions on the meaning of retention of barium sultatc in 
the lumen of the appendix, especially of the specimen removed for 
"chronic appendicitis." There is no clinical follow-up of our patients. 
We can point out that retention of barium sulfate did occur in ap- 
pendices which showed active inflammation, feealiths, retrocecal posi- 
tion, and adhesions. Barium sulfate, however, was also retained in 3 
appendices which were adjudged "not remarkable" within the scope 
of our diagnostic criteria. This last finding might, be used to support 
the idea that "mere prolonged isolated filling of the appendix after the 
rest of the colon is free of barium cannot in itself be considered as evi- 
dence of pathologic condition.” 7 Yet, may not retention of 1 he type 
under discussion still signify a disturbance of evacuation due to an im- 
pairment of motility of the appendix or "to augmentation of normal 
physiologic obstruction to its emptying"" rather than due to obvious 
mechanical obstruction? On this basis, the microscopic diagnosis of 
barium sulfate in lumen asks for evaluation as a histopathologic sign 
of potential trouble in the appendix, for stasis may he a predisposing 
factor in appendiceal disease. It furnishes conditions favorable for de- 
velopment of feealiths. 

The results of our study may be considered with those reported by 
Wangensteen and his co-workers 2 on t lie detection of barium sulfate in 
the extirpated appendix. These investigators examined the content of 
appendices removed from patients who had previously received barium 
enema for roentgen examination of the colon, by the speetrophotometrie 
method. Evidence of barium sulfate was absent in 13 specimens re- 
moved from G to 790 days after barium enema, in which the appendix 
was not visualized hv x-ray examination, and in 4 appendices removed 
from 10 to 257 days after roentgen visualization with barium enema. 
In 6 patients with visualization of the appendix 8 hours to 6 days prior 
to appendectomy, barium was proved by the spectrophotometer. 
Morphologic descriptions of the appendix were not given in the reports 
of Wangensteen and his co-workers. 

In 1932, IIoguc s studied the effects of barium sulfate on tissue cul- 
tures from the chick embryo. Granules were ingested by various types 
of cells. In our ease of chronic appendicitis with abscess and sinus, 
phagocytosis of granules had taken place. 
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necessarily wains an occluded and nonfillable appendix. ” In our 
sludy we showed (lie presence of barium sulfate in the lumen of one 
appendix which had not been visualized in routine radiographic ex- 
aminations on three occasions.* In respect to the problem of visualiza- 
tion and tilling ol the appendix, the microscopic diagnosis of barium 
suliafe along with roentgenograms of the extirpated and embedded ap- 
pendix appears in oiler a new and simple method, at least in one group 
ot eases, to cheek the frequency with which barium sulfate enters the 
lumen of the appendix without detection by the roentgenologist. 

Of interest is the microscopic diagnosis of barium sulfate in ap- 
pendices which had not been visualized by barium enema for intussus- 
ception and which had been removed within twenty-four hours after 
ejection by the patient of the barium per rectum at the time of surgical 
reduction of intussusception. 

Among the daily tasks of the pathologist is the examination of the 
appendix removed for ‘“chronic appendicitis.'' Sometimes the appendix 
is the site of an inflammatory process which can be related to a previous 
acute lesion or can be classified as a recurrent or chronic lesion. More 
often the surgical specimen is described histologically as “not remark- 
able”; it shows no signs of active inflammation. The pathologist does 
not satisfactorily explain the clinical symptoms on inflammatory 
grounds. And the surgeon and roentgenologist interpret “chronic ap- 
pendicitis” on a mechanical and functional basis. Wangensteen 21 ' states, 
“Chronic appendicitis is essentially a loosely employed clinical designa- 
tion for recurrent or persistent appendical obstruction.” From a radio- 
graphic standpoint, Holmes 4 remarks, “In the so-called ‘chronic ap- 
pendix’ where the infection has come and gone, there may be no evidence 
of the process other than fixation and failure to empty. An appendix 
which retains barium several days after the ascending colon has emptied 
is a potential source of trouble.” 

In our study we noted barium sulfate which had been retained in the 
appendix from two to forty-three days after ingestion or enema. 

Two questions arise. In retention of barium sulfate, diagnosed 
microscopically, do we have a direct histopathologic sign indicative of 
disturbance in evacuation of the appendix? How far can this sign 
be correlated with the clinical and radiographic picture of “chronic 


appendicitis ” ? 

We observed retention of barium sulfate in sections of appendices of 
13 patients. Of these patients, 9 were operated upon for “chronic ap- 
dicitis ” “interval appendicitis,” or “appendicular colic.” In only 
P en £ rom this group of patients was there evidence of active in- 

1 appen - ^ Qt j ier j appendices revealed : fecalith and dilatation, 

flamma ion. on an( j adhesions, 1 ; fecalith, retrocecal position, and 

2; retrace * retroeeca i position and fecalith or dilatations, 2; “nothing 

,, without radiographic visualization, not included in this 
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A METHOD OF RECONSTRUCTING THE SPHINCTERIC 
MECHANISM IN ANAL INCONTINENCE 

Johx F. Ruzic, M.D., F.A.C.S., Richard L. Voller, M.D., 
Charles L. Jaxda, M.D., axd D. S. DiCiro, M.D., 

Chicago, III. 

(From the Surgical Service of Eoly Cross Eospiial and Eospital of 
St. Anthony de Padua) 

T HE treatment of anal incontinence has received considerable atten- 
tion in the past, and its surgical correction, in so far as it pertains 
to operative or traumatic origin, has been variously described. It is 
the purpose of this paper to present a new principle in anal recon- 
structive surgery which permits of a more favorable prognosis in those 
cases -which have been classed as incurable or hopelessly beyond repair, 
and in which there are variable degrees of fecal seepage or passage of 
flatus. 

While this condition does not compromise life, or even good health, 
the mental distress and the social ostracism of an individual so un- 
fortunate as to be the victim of such a distressing condition are so dis- 
turbing that no apologies need be offered in presenting an attempt to 
alleviate the annoyance of such a discouraging condition. 

The importance of an intact external sphincter may be more fully 
appreciated when it is recalled that Loekhart-Mummery stated that a 
person with a hopelessly cut and damaged internal anal sphincter would 
still have perfect control provided that the external sphincter were 
intact. 

A new concept is here presented embodying an old principle in anal 
surgery, namely, that careful preliminary dilatation of the sphincters 
produces rest and relaxation necessary for primary healing with the 
minimum use of tension sutures. 

The procedure consists of coaptation of the avulsed or lacerated 
sphincter by means of subcutaneous stay sutures, thorough, painstaking 
dilation and stretching, suture of the tendofascial caps, and subsequent 
repair of the vaginal vestibule. 

etiology 

In the typical ease in which this procedure is especially suitable the 
continuity of the external sphincter muscle has been interrupted, either 
as the result of anal fistula surgery or of obstetrical complications. This 
technique does not propose to enter into the surgical treatment of any 
other types of incontinence except those which are myogenic in nature; 
the ne urogenic types, such as those resulting from neoplasms, cord 
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when the patient is given a high colonic flushing and placed on a non- 
residue diet. Bach day thereafter the patient is given one ounce of 
mineral oil and. in addition, on the evening before operation the patient 
is given an enema and the perineum shaved. On the morning of opera- 
tion the patient is given another colonie irrigation and no breakfast, and 
receives, in addition, morphine and atropine hypodermically, one hour 
before surgery. 

OPERATIVE TECHNIQUE 

The perineum is cleansed with soap and water and the rectum gently 
irrigated. The vagina is irrigated with water and bichloride of mercury 
solution, and 50 to 75 e.c. of aqueous solution of mercurochrome instilled 
preparatory to the routine repair of the perineum which is carried out 
if necessary. The entire skin of the perineum is then painted with a 
suitable skin antiseptic. 

Tlie operation is carried out under spinal or sacral block anesthesia, 
or if preferred, under gas-oxygen anesthesia. At tlie site of the perianal 
dimpling a heavy catgut suture on a curved cutting needle is passed 
through the skin, subcutaneous tissues, fascia, and muscle. This suture 
is tied securely to approximate intimately the dimpled ends of the 
sphincter muscle (Fig. 1). The right index finger is next introduced 
into the rectum and with slow, gentle, firm massaging and complete 
anesthesia tlie muscle is slowly stretched (Fig. 2). Massaging should 



be done in a lateral manner rather than anteroposteriorly until the 
length oi the contracted sphincter muscle measures 6 to S cm. This 
procedure should consume from twenty to thirty minutes and requires 
the services of at least one additional assistant. When it is felt that 
the muscle has been completely and thoroughly relaxed and stretched 
tlie stay suture is removed. 







surgery 


lesions, or cerebral hemorrhage, arc nol amenable io these particular 
maneuvers, and arc not within the scope of this paper. 


IMTNOf.OGY 

The resulting clinical phenomena which are manifest following the 
division of the external sphincter assume an inglorious role as the most 
distressing complication in the whole field of anorectal surgery. 

flic pathologic picture usually presents some degree of destruction 
of the perineum, and varies only in that the amount of tissue presenting 
itself for repair following childbirth injuries is more extensive than 
that encountered in incontinence following anal fistula surgery. 

There is usually considerable aberration of the anatomic landmarks; 
the thick sear tissue which eventually invests most of the circumference 
oi the sphincter creates a cicatricial contraction and consequent re- 
traction of the perineal area; the retracted and contracted muscle can 
usually be palpated along the posterior or posterolateral aspect of the 
anal orifice, seldom measuring more than 2 or 3 cm. in length, and the 
torn ends of the muscle usually terminate in fascial and connective 
tissue caps firmly attached to the intervening sear tissue by dense 
fibrous bands where dimpling of the perineal skin is often observed. 


AX ATOMY 

The external anal sphincter is subcutaneous and is attached, in gen- 
eral, anteriorly to the perineal muscles and posteriorly to the coccyx, 
and is divided into a superficial and a deep lamina. The muscle fibers 
may extend anteriorly and posteriorly on each side of the anus inserting 
into the sphincter vaginae, or simply into the perineal body, or a com- 
bination of the two; or, they may also encircle the anal orifice either 
anteriorly or posteriorly or both, and function from a relatively fixed 
point, such as the coccyx or central tendon of the perineum, depending 
upon the completeness of the anal circumference which they encompass. 

It is seen, from this, that the external sphincter does not possess a 
fixed anatomic pattern, but that small bundles of muscle fibers find their 
wav hr diverse routes to variable fixed points in the perineum to exert 
their action. The blood supply to the anterior two-thirds of the sphincter 
and anal outlet is derived from the perineal artery, a branch of the 
internal pudenda which anastamoses above with the middle hemorrhoidal 
artery the posterior one-third receives its blood supply from the in- 
ferior hemorrhoidal artery. The inferior hemorrhoidal nerves follow 
ttern similar to that of the vascular arbor and provide innervation 
throiHi each of four sectors to include the entire circumference of the 

arms - preoperative preparation 
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At the close of the operation the perianal skin subcutaneous tissues 
and muscles are infiltrated with nupercaine in oil (Fig. 5) as a measure 
of relieving any postoperative pain. Bowel movements are prevented 
by administering ten drops of tincture of opium three times daily lor 
eight to ten days. The patient is placed on a nonresidue diet for ten 
days after which time bulkier foods are added. On the tenth post- 
operative day the patient is given oil retention enema and one ounce 
of mineral oil daily, to encourage soft-formed stools. 

CASE REPORTS 

Case 1 — This was a w Into woman, 30 j ears old. At the age of 20 years she 
had de\ eloped a fistula in ano which recurred after each of two operations. Sphincter 
control was much impaired after the second operation and completely lost after two 
subsequent attempts at repair. In all, twentj eight operations were performed for 
fistulas. The last was successful when the patient was 26 j ears of age. Seven 
different surgeons declined to attempt suigical repair because of the apparently 
hopeless outlook. An attempt at repan was promised on one occasion providing 
the patient would first submit to a colostomy. This she refused to do. 

The following significant findings were reiealed on physical examination: Slight 
rectocele, and replacement of the penneal body with thick scar tissue. Anal 
orifice dilatable to admit one fingei No anal sphincter except a 2 by 2.5 em. 
muscle mass posteriorly. Entne anal splunetei sunounded by cicatricial tissue, 
except for the small area posterior to the anus 

The operation described above was carried out with an uneventful convalescence. 
There was noimal control of defecation and gases on the eighth postoperative day. 
Nine months later the patient reported good control and digital examination disclosed 
a normally functioning anal sphincter. 

Case 2. — A white woman, 35 years of age, presented herself with a history of 
recurring fistulo in ano of seien \ ears’ duration for which she had undergone four 
operations, after the second of which sphincter control was completely lost. 

At 31 and 32 jears of age she submitted to the last of the four procedures, 
without anj benefit. Examination leiealed a sphinctei about 3 cm. in length pos- 
terior to the anal orifice The perineum was greatly scarred, the perineal body 
much distoited, and a first degree rectocele presented. The outlook for clinical cure 
seemed hopeless. The suigical maneuvers described aboie were carried out and 
on the foul tli day after operation tlie patient was able to expel or retain gas at 
will On the twelfth daj she had good control of defecation. Four jears later the 
patient reported good control, and examination disclosed normal splunctenc function. 

SUMMARY 

A new technique is piesented for reconstruction of the external anal 
sphincter in tiaumatic or operative incontinence. AVe feel that the 
pioecclure detailed above is of merit in properly selected cases of anal 
incontinence, and that it offers a definitely optimistic prognosis in many 
cases which were formerly classed as incurable. 


REFERENCES 

1. Hiller, Robert I.: The Anal Sphincter and the Pathogenesis of Anal Figure and 
Fistula, Suig., Gjnee and Ob^t. 52: 921 940, 1931. 

“ ef 2 - ' '.yi.j'i 37 ’ 1933 T, ' e C “ USeS an<1 Tre:ltmpnt of Rectal Incontinence, 

3. Curtis, A II.: Gjnccologieal Diagnosis, Philadelphia, 1921. AY. B. Saunders Co. 



572 


SURGERY 


A suitable skin incision is next made over the external sphincter and 
the muscle exposed (Fig. 3). By careful, painstaking dissection the 
fascial connective-tissue caps on the ends of the muscle are isolated and 
left, untouched. Two interrupted No. 1 chromic catgut sutures are 
passed through the muscle and tied (Fig. 4), approximating the two 



Fig. 3. 


Fig. 4. 



Fig. 5. 


. strangulating the tissues involved in the suturing. The 

ends wi “ are approximated and closed with interrupted 

subcutaneous i ^ catgut and t ]ie skin closed with black silk, silk- 
sutures ol sutures. If indicated, a routing perineorrhaphy 

is carried out. 
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resected specimen. There were uninvolved lymph nodes in two appen- 
dices arising between the tumor and the one appendix containing a 
lymph node metastasis. This appendix was 3 cm. proximal to the 
tuntor. The lymph node was 1 cm. lateral to the bowel wall, 2 mm. in 
diameter, and was completely replaced by carcinoma. 



Fig. 1.— White ilots over the tumor and shaded dots represent normal lymph nodes. 
Solid black over tlio tumor was a 3 mm. lymph node replaced by carcinoma. One- 
half of a 2 mm. lymph node in an appendix cpiploica at the distal end of the tumor 
is replaced by a carcinoma metastasis. The lymph node 1 mm. in diameter in the 
fourth appendix epiploica proximal to the tumor had a small subcapsular metastasis. 


The third specimen (No. 42115) was an annular carcinoma just 
above the peritoneal reflection. The patient was 41 years of age and 
had had symptoms for twenty-one months. He had developed a spon- 
taneous fistula about 1 cm. in diameter between the carcinoma and the 
ileum about six inches proximal to the ileocecal valve. There were no 
metastascs to the liver, and no peritoneal plaques. Enlarged lymph 
nodes were palpable to, but not above, the promontory of the sacrum. 
A lateral anastomosis was made around the involved ileum and a one- 
stage abdominoperineal resection of the rectum along with ten inches 
of the ileum was performed. The patient made an uneventful recov- 
ery, leaving the hospital on the twenty-second postoperative day. 
Ninety-two lymph nodes were microscopically sectioned in the mesen- 
tery of the rectum and seven nodes from the mesentery of the ileum. 
There were two appendices epiploicae in this specimen. One of these, 
1.5 cm. proximal to the tumor, contained a lymph node 3 mm. in diam- 



CARCINOMA METASTASES IN APPENDICES EPIPLOICAE 
11 K. Cilciikist, M.D., and Ykijxox C. David, M.D., Chicago, III. 

(Lrom the Surgical Service , Presbyterian Ilospital) 

D OUY IER 1 in his Anatomy of the Human Lymphatic System does not 
•l V mention the lymph drainage in the appendices epiploicae. While 
studying surgically removed specimens of carcinoma of the rectum and 
sigmoid which had been cleared by the method described by us 2 earlier, 
we were surprised to find lymph nodes often present in the appendices 
epiploicae. These may be from 1 to 4 mm. in diameter. In some eases 
they arc found near the base of the appendix epiploiea where it first 
becomes a separate stalk. More often they lie 1 to 2 cm. removed from 
the base, or they may be found almost at the tip of the appendix. If 
seems to make little difference whether the appendix epiploiea is thin 
and slender or broad and relatively massive. 

In five specimens, carcinoma mefastases were present in lymph nodes 
found in appendices epiploicae. Fig. 1 is a drawing of one of these. 
This surgical specimen (No. 44112) is an annular carcinoma of the middle 
sigmoid removed from a man 56 years of age. It was firmly adherent 
to the lateral abdominal wall over an area three inches in diameter. The 
liver was normal. There were a number of large, palpable lymph nodes 
in the mesentery. The rectum and sigmoid were mobilized extensively 
and an obstruction resection was performed after resecting a 1 cm. layer 
of the abdominal wall around the adherent area. lie made an unevent- 
ful recovery except for a paralytic ileus which persisted for nine days. 
The specimen contained forty-four lymph nodes which were sectioned 
microscopically. One node, 3 mm. in diameter, was found in the mesen- 
tery draining the tumor. This node was completely replaced hv car- 
cinoma. A lymph node 2 mm. in diameter was found in a small appen- 
dix epiploiea just at the lower end of the tumor. This node was about 

0 5 cm. from the base of the appendix and it was half replaced by 
carcinoma. There were eight appendices epiploicae in this specimen. 
The fourth appendix above the tumor had a 1 mm. lymph node which 
had a small subcapsular metastasis. There were three appendices be- 
tween the tumor and the one containing a metastasis. 

The second specimen (No. 3S986) was a carcinoma completely en- 
• -ding the sigmoid in a woman 27 years of age. She had had symp- 
for eighteen months. An obstruction resection was performed. 
rp°i m e were°lymph node mefastases to four of the sixty-seven lymph 

1 j fi one d. Three of these nodes were in the mesentery draining 

nodes sec ' There were five appendices epiploicae in the 

the area o t me n* 

-^ivea ror publication. «, IS. * 
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formed. Thirty lymph nodes were sectioned: four nodes contained 
metastases. In one appendix epiploica arising over the tumor, a lymph 
channel packed with carcinoma was found 1 cm. lateral to the base of 
the appendix. 

In an attempt to reproduce the course of the metastases found in 
these specimens, injections of an India ink suspension were made into 
the subserosa of the antimesenterie border of the sigmoid of freshly 
performed autopsy specimens. With practice, less than 0.5 e.c. of the 
suspension can be injected and sometimes its course can be followed 
through the lymph channels. This injection must be made with very 
little pressure. The accompanying illustration (Fig. 2) shows one 
such preparation which was cleared as described. 2 At A the solitary 
lymph channel was filled with the black suspension and this passed up 
the antimesenterie border of the bowel in the subserosa for 2 cm. 
before it turned laterally and entered an appendix epiploica. The sus- 
pension filled a 1 mm. lymph node 1.5 cm. lateral to the base of the 
appendix epiploica. Another injection B, somewhat below this one, 
entered a single lymph channel which immediately ran into an appendix 
epiploica. It coursed laterally for 2.2 cm. from the base of the appendix 
and then made a loop and an exit from the mesenteric side of the base 
of the appendix and coursed down the mesentery as shown. This one 
preparation duplicated the manner of spread seen in our five specimens- 

CONCLUSIONS 

The injection preparations demonstrate that there are lymph channels 
in the subserosa on the antimesenterie border of the sigmoid which may 
travel at least 2 to 3 cm. lengthwise of the bowel before turning laterally 
to drain into the mesentery. If there are appendices epiploicae in this 
area, the lymph channel may drain into lymph nodes present in them, 
or the channels may simply traverse the appendix and drain into some 
of the mesenteric nodes. These injection specimens demonstrate the fact 
that at least 3 cm. of the sigmoid proximal to a carcinoma must be re- 
sected if a radical resection is to be perfoi*med. The finding of metas- 
tases in lymph nodes in appendices epiploicae 2 to 3 cm. removed from 
the primary tumor confirms this. 
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cior AvJiicli was completely replaced by carcinoma. The involved node 
was 2 cm. lateral to the bowel wall. None of the other ninety-eight 
lymph nodes contained metastases. The patient was still well and 
working twenty months after the operation. 

The fourth specimen (No. 43452) was a carcinoma involving 80 per 
cent of the circumference of the rectosigmoid. The patient was a 
47-year-olcl man who had had symptoms for four months. Thirty-eight 
lymph nodes were sectioned ; ten of these contained metastases. Three 
appendices epiploicae arising from the bowel opposite the tumor con- 
tained lymph nodes. One of these, 3.5 cm. from the base of an ap- 
pendix, contained a 2 nun. lymph node which was half replaced by 
carcinoma. The patient was still well twelve months after operation. 



^ nf India ink suspension into antimcsenteric boulcr of human 

Fig:. 2 .— Injection of r j ia nnel coursed in the submucosa for 2 cm. before turning 
sigmoid, At A the 'in ’c ccl aTymph node 1.6, cm. from the base of the appendix 
laterally f f then made a loop and drained into a mesenteric node, 
epiploicae » u 

m specimen (No. 40265) was an annular carcinoma of the aig- 

Theftf P m a gi.year-old man who had had symptoms for 

moid remote numerous metastases to the liver. There were 

three months. divel . t ieula above the tumor. Since the tumor 

several large ct palliative obstruction resection was per- 

could be removed easUy, P 
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endothelial cells. Suiioiuiding tlie leticnliii fiber- were mu'-ctl '■ereral hnei- of cells 
of Mining shapes anil mj-cs, chiefly xmndcri. mold, and spindle shaped. These cell- 
seemed to contain no msofibiUs or acidophilic piefilniK The capillaries in geneial 
were m> cIom-K giouped that tlieii satellite cells came into contact one with another 
so that the geneial elfect was that ot a mass ot these cells with the capillaries 
scattered through them. The true lelation-dup of cells and cnpilku ie= was only 
occasionally seen where theie was inoie tibrous tissue sepaiating them. The laiger 
\essels in this tumor usually had tibrous walls without satellite cells and also with 
out smooth muscle. No elastic fibeis weie seen with the add orcein stain. No mitoses 
weie identified and the growth seemed well encapsulated. 



Fin 1 — At tlie left the encapsulated tumoi is shown w lapped about b> omentum 
with laigt? \ein< coursing over its surface Above is the transvetse colon. At the 
light is shown the cut surface of the tumor stippled with large and small blood vessels 


Since it seemed to be established that this was truly a tumor ot‘ blood 
\essels and not simply a highly vascular tumor ol' some other kind, the 
nature of the perivascular tumor cells came into question. It seemed 
incredible that they could he derived from tlie vascular endothelium 
which was everywhere of normal appearance and showed no evidence of 
unusual activity or morphologic change. The cells could he satisfactorily 
explained if we could believe that they were derived from Zimmer- 
nnmn's pericytes. 2 Those are cells which are wrapped tightly about tlie 
capillaries and ha\e contractile properties which, it is supposed, serve to 
narrow the caliber of the capillary lumen. Zimmermanir believed that 
they are modified smooth muscle cells. Recently Dr. Margaret R. 
Murray, by means of tissue culture, demonstrated that the epithelioid 
cells of the glomus tumor are pericytes.’ Murray and St oul, 1 in review- 
ing a collection of 091 blood \ essel tumors of all kinds found nine cases 
; mong them which in many ways resemble the piesent case. It was felt 



HEMANGIOPERICYTOMA OF THE OMENTUM 

Arthur Purdv Stout, M.D., New York, N. Y., and 
Chester Cassel, M.D., Miami, Fla. 

(htom the Surgical Pathology Laboratory, College of Physicians and Surgeons, 
Columbia University, Xcw Tori:, X. T., and the Department of Pathology, 
daclson Memorial Hospital, 1 Miami , Florida) 

| HIE ease recorded below seems worthy oi‘ presentation because it is an 
A example of a rare form of vascular tumor of considerable size and 
astonishingly long duration and freedom from symptoms occurring in 
the omentum where tumors of a similar nature have not been previously 
described. The name was recently suggested by Stout and Murray 1 
when they reported nine tumors with similar histopathologic character- 
istics. 


The clinical history (made available by Dr. Rineamor, Miami, .Fla.) reveals that 
for over sixty years, the patient, S. B., white, aged 02 years, noted a mass in the 
right para-umbilical region. Without causing any distress or symptoms other than 
its mere presence, the tumor had grown very slowly and gradually, reaching its 
greatest size, about that of a large kidney, several years before the patient’s death. 
The mass was firm, nontender and easily movable, seemingly not attached to any 
viscera. No bruit was heard over the abdomen. Although the patient was aware 
of the mass and had felt it for about sixty years, he never had it investigated 
since it was perfectly symptomless throughout the patient ’s life. Having had hyper- 
tension, the patient began having fibrillations a few weeks before ids death. Signs 
and symptoms of fluid in the chest appeared, and exitus came with heart failure. The 
patient had no genitourinary or gastrointestinal complaints. 

Post-mortem examination’’ was limited to the abdominal cavity. About 100 c.c. of 
clear, straw-colored fluid were found in the peritoneal cavity. The kidneys were 
small and very firm. The tumor was found to the right of and just below the 
umbilicus. It was freely movable. The autopsy findings were otherwise non- 
contributory, being principally those of arteriosclerotic disease. 

Intimately bound up within tiie greater omentum and adherent to the mesocolon 
was a large ovoid tumor measuring 12 cm. transversely, 9 cm. from above down- 
ward, and 8 cm. from before backward. It was nodular, encapsulated, and had some 
large veins coursing over its surface and apparently branching into the substance 
of the tumor. Tlte consistence was firm, the color a mottled light gray. 

The cut surface had a mottled appearance due to the presence of many minute 
and some larger vessels filled with blood. In the center of the tumor was a zone 
of fibrosis and necrosis. The necrotic portion had a faintly yellow tinge. There was 
no evidence of spread or infiltration, as the tumor was well circumscribed and no 
lymphadenopatliy was present. 

On microscopic examination this tumor was seen to be composed basically of tre- 
? m mbers of small, and occasionally large, capillaries lined by endothelial 
mendous nu PX trenieh- delicate reticulin fibers immediately external to the 

tells and supported oj 
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live growth which led to the amputation of the finger before it was com- 
pletely eradicated, and another metastasized to the liver and caused 
death. The tumor in each of these nine eases was located in the parietes, 
cutaneously, or subcutaneously, while in the present ease the site is 
visceral, heretofore not reported. Its size is somewhat larger than any of 
the previously reported similar tumors. 

SUMMARY 

A large encapsulated vascular tumor of an unusual form has been 
described which apparently arose in the omentum and was palpable by 
the 92-year-old patient during the last sixty years of his life. The 
tumor was composed of capillaries surrounded by cells believed to be 
proliferated Zimmermann’s pericytes. For this reason the name 
hemangiopericytoma first suggested by Stout and Murray has been used 
as a descriptive term. 
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!hat they did not fulfill the criteria of glomus tumors but that the cells 
a iran god about the vessels were probably pericytes and it was suggested 
that tbo proper name for them might be hemangiopericytoma . 1 This 
present ease has strong morphologic resemblances to the majority of 
these nine eases and seems to belong to the same group. A majority of 
the tumors pursued a benign course, but one exhibited aggressive infiltra- 
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Vi- “'—Low-power photomicrograph of the tumor showing: the distribution of tiro 
" vessels and tumor cells. 
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tive growth which led to the amputation of the finger before it was com- 
pletely eradicated, and another metastasized to the liver and caused 
death. The tumor in each of these nine cases was located in the parietes, 
cutaneously, or subcutaneously, while in the present case the site is 
visceral, heretofore not reported. Its size is somewhat larger than any of 
the previously reported similar tumors. 

SUMMARY 

A large encapsulated vascular tumor of an unusual form has been 
described which apparently arose in the omentum and was palpable by 
the 92-year-old patient during the last sixty years of his life. The 
tumor was composed of capillaries surrounded by cells, believed to be 
proliferated Zimmermann’s pericytes. For this reason the name 
hemangiopericytoma first suggested by Stout and Murray has been used 
as a descriptive term. 
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INFECTED WOUNDS 0 


Lkaxduk Wii.uam Riba, M.D.,f and Wiu,iam 0. A tun, B.M. 
Chicago, Inn. 

(I'ioiii Ih t Depart meats of Sttrpieal Research and the Departments of Uroloyy of 
Northwestern University Medical School and Passavant Memorial Hospital) 

1 | ’HE introduction of sulfonamide drugs directly into wounds received 
A its impel us following Jensen and associates’ 1 publication in 1 939. 
They noted superior results following the introduction of powdered sul- 
fonamides into debrided compound fractures and primary closure. The 
incidence of infection was reduced from 27.2 to 4.88 per cent. 

Following the article by Jensen and his co-workers, many other 
workers reported their results on the local use of these drugs in clean, 
contaminated, or infected wounds. Most investigators have commented 
favorably upon its local use; others claim deleterious effects, particularly 
in clean wounds. 


Key and Burford, 2 in 1940, found a high degree of protection against 
staphylococci infections in compound fractures following local applica- 
tions of sulfanilamide. In a subsequent article 3 they also advocated 
treating clean or potentially infected wounds. They reported 150 con- 
secutive noninfected postoperative wounds treated by using a small 
amount of the drug in each wound. 

Meleney 4 points out that surgeons usually do not appreciate the num- 
ber of postoperative wound infections in a series of clean hospital cases. 
Careful evaluation reveals an incidence of 5 to 20 per cent, varying from 


mild to severe infections. 

Hawking 3 found the drug diffuses quite rapidly through the wound 
cavity, more slowly through dead tissue, and penetrates only 2 to 3 mm. 
into living tissue. The basis for using sulfonamides locally is the high 
concentration of the drug obtainable in the immediate environment of 
the wound bacteria. Lockwood" pointed out two additional factors 
influencing infection and wound healing: (1) the mobilization of cel- 
lular defense over which there is no control; and (2) the chemotherapy- 
inhibitor substances released by enzymatic tissue dissolution which arc 
cut in larger quantities in necrotic tissue or abscesses. 

1 Donahue 7 reported favorably on treating genitourinary wounds 
; by dusting them with sulfanilamide. He concluded that local 

^V^tion reduced systemic reactions; the drug’s solubility mitigated 
applied io j)S a f ore jg,, body; and more wounds healed per 

against l K ‘ n( ,j t ] )a t 0 verdosage may cause tissue damage, 

nrimiun. tie e.iu 

invosli-ateil before active service in the IT. S. Army. 
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Reports in the English literature 5 show a marked reduction in war 
wound infections following routine combined oral and topical use of 
sulfanilamide and sulfa pyridine. Moorhead’s 0 recent report on treating 
wounded soldiers and sailors who were at Pearl Harbor indicated that 
the administration of local sulfonamides materially reduced wound 
morbidity and the mortality. 

Reed and Orr 1 * recently reported their comparative results on the 
local use of six common sulfonamides in gas gangrene infections. Sul- 
fathiazole was found superior to sulfanilamide and other derivatives, 
due to its slower absorption and greater bacteriostatic, action. 

In this series of experiments the local use of sulfathiazolc in con- 
taminated and infected wounds was investigated. Extraperitoneal, 
renal, and low abdominal wounds were contaminated with a heavy 
suspension of Staphylococcus aureus. Powdered sulfathiazolc was ap- 
plied locally immediately or after two to seven days. The powder was 
introduced by “dumping'’ from the bottle with a spatula and later 
by using an insufflator. Three groups of adult dogs were used. The 
operations were performed under sodium amytal intravenous anes- 
thesia. 

Gr.oup X. — Eight dogs were used; no controls. A perirenal wound was infected 
in six dogs with a staphylococcus suspension. Sulfathiazolc powder was introduced 
into the wound immediately in two dogs, and after two, two, four, and eight 
days in four dogs. In the animals given delayed treatment, the wounds were 
partially or completely open and suppurating. Extension of the infection was 
indicated by the progressive weakness of the animal, refusal to take water and 
food, and febrile reactions from 2 to 4° F. The reopening of these wounds for 
local treatment revealed deep and superficial discoloration and induration. These 
reopened wounds were treated with 1 to 3 Grn. of sulfathiazolc. The subsequent 
course revealed a control of the infection and wound healing in three to six days. 
In two dogs each perirenal wound was contaminated and treated immediately with 
1.5 and 2 Om. of sulfathiazolo. These two wounds appeared to be healed in two 
days, and remained closed. In the two remaining dogs of this group, low extra- 
peritoneal abdominal wounds were infected and treated after seven days with I 
and 2 Gm. of the drug. The wounds appeared healed in four days. 

Gr.ovr 2. — Eight dogs were used, four treated and four controls. Two dogs were 
operated upon during the same afternoon. One perirenal wound was contaminated 
with staphylococci and treated immediately with 2 to 3 Gm. of sulfathiazolc. The 
control wound was similarly contaminated, but untreated. The wounds wore all 
closed in layers with interrupted fine silk. Three of the four treated wounds wore 
healed in five to seven days; one was partially open the fifth day. Two of these 
"minds revealed slight drainage from their dependent angle. In the control group, 
three wounds were open and suppurating on the fifth, fifth, and seventh postopera- 
tive day (Figs. X A and I)). One dog died on the second day. and the post-mortem 
studies revealed a spreading retroperitoneal infection. The felirile reactions in 
the untreated dogs wore X to 2 degrees higher than in the treated series. 

(iiau e Nine dogs were used. In this group bilateral lower abdominal extra- 
peritoneal wounds were utilized. The right wounds were contaminated and treated 
nith X to :: Gin. of sulfathi, azole immediately or after two to three da vs. The 
left wounds were contaminated but not treated. The treated wounds revealed better 
healing response than the untreated. With two exceptions, the treated wounds 



l mealed no disehaige ami healed lapidl, pel piiimim. In (no (i oat ml wounds there 
was slight diaiiiagc aftoi two and scion days. Both of these draining wounds 
limiled complete!, in ton and sKtcon days. Two floated wounds mealed a fluctuant 
swelling without indumtion. Aspiiution of these two wounds iciealed a Tcddisli 
white fluid. Uctci ininations on these fluids foi sulfathia/olc concentiation leiealed 
Pl.t and :!5.:i nig. pei cent. In the nine control wounds tlieie was induiation, sup 
puiation, and diainage in se\en. Two of the wounds, in spite of theii marked 
induiation, did not suppuiate oi drain. 



rr,n^on. tr Tins C wound was no. . Ora = aftcr cont anunat,on. 
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Vnnt,m,s t Mansion dt ) . — Wound closuie was obsened in all «a s|,s 
U '*r? °JZ Zo ^nm^ fo. nnciosi opic stud,. Tieated and unt.eatcd 

^^Vwrnds weleVeniored for histologic studies from two to twenty eight dn,s 
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mediately into a contaminated wound, baetcriostasis of the titnph. 
aureus could be accomplished. When the drug was introduced into an 
infected wound, the extension of the infection was arrested and repara- 
tive processes were initiated. Closure of infected sul fat hiazole -treated 
wounds was followed immediately by general improvement of the 
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i etonled no disehni go and healed lapidlv ]ici piiimiin. In two floated wound'- them 
wiis slight diailmgo aftci two and soren dajs. Both of tlic'-r draining wounds 
liriilod completely in ton and si\tcrn days. Two ticatcd wounds lerealed a fluctuant 
swelling without induiation. Aspiration of these two wounds rcrealed a leddish 
white fluid. Dctei niinations on these fluids for sulfnthin/ole concentiation lerealed 
ill. I and nig. per cent. In the nine control wounds theie was induration, sup 
pmntion, and diainage in seten, Two of the wounds, in spite of their marked 
induration, did not suppuiatc 01 drain. 
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The dosage ol 1 he drug .should ho determined liy the size and the 
condition of the wound. Indiscriminate dumping ol' large amounts of 
the drug into a small wound may result in “caking.” Acting thus as 
a foreign body, wound healing will be impaired and delayed. The 
ideal method oi introducing the sulfonamide drugs in dry powder form 
into a wound locally is by the use of an atomizer or spray (Fig. 4). 
With this technique large wounds may be covered with a thin coating of 
the drug, including the deepest recesses. The use of moderate doses 
in these wounds failed to elevate the blood sulfathiazole concentration 
above 1 mg. per 100 c.c. of blood. Reinforced oral administration of 
the drug was not carried out. This is a preliminary report. Further 
investigations are to follow. 



Fl „ 4 — This insufflator was 
of sulfathiazole cijstals insuies 

the (litis. 


used foi topical wound treatment The fine cloud 
complete wound co\eiag:e with small amounts of 


summary 

1 Healing time and extension of infection were uniformly reduced 
bv introducing powdered sulfathiazole locally into contaminated or 
infected staphylococcic wounds. 

Untoward tissue reaction to the sulfathiazole following moderate 
W as not observed in the microscop.e sections 
* Sufficient drug should be introduced to cover the wound .surfaces 
a . mntlmd is recommended to insure adequate wound dis- 

4 . The spra>^ min j m i ze the danger of otordosage and “caking" m 

the wound. 
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Ihc dosage ol llu* drug .should be determined by (he size and tlic 
condition of flic wound. Indiscriminate dumping ol large amounts of 
llu* drug into a small wound may result in “caking.” Acting thus as 
a foreign body, wound healing will he impaired and delayed. The 
ideal method of introducing the sulfonamide drugs in dry powder form 
into a wound locally is by the use of an atomizer or spray (Pig. 4). 
Willi tin’s technique large wounds may be covered with a thin coating of 
the drug, including the deepest recesses. The use of moderate doses 
in these wounds failed to elevate the blood sulfathiazole concentration 
above 1 mg. per 100 c.c. of blood. Reinforced oral administration of 
the drug was not carried out. This is a preliminary report. Further 
investigations are to follow. 



Wl „ 4 This insufflator was used foi topical wound tieatment. The fine cloud 

of sulfathiazole cij.stals jnsuies complete wound cotenge with small amounts ol 
the ill us. 


SUMMARY 

1 Healing time and extension of infection were uniformly reduced 
bv introducing powdered sulfathiazole locally into contaminated or 
infected staphylococcic wounds. 

9 Untoward tissue reaction to (he sulfa! liia/oie following modcialc 
1 lone wa* not observed in the microscopic .sections 
. Sufficient drug should he introduced to cover the wound .surfaces 
7 sm . av method is recommended to insure adequate wound d.s- 
4 . the spi .) ... the danger of otci dosage and “caking m 

tribution and to mmun . 

the wound. 
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CHEMOTHERAPY IN penetrating abdominal 
GUNSHOT WOUNDS 


Frank L. Loria, M.D., F.A.C.S., New Orleans, La. 

(From thr Department of Surgery, Tulanc University, School of Medicine, ant! the 
Few Orleans Charity Hospital) 


A /MOST from the time of their introduction as effective bacterial 
therapeutic agents, the sulfonamides have been used in the treat- 
ment of bacterial peritonitis. In February, 1937, I used prontosil and 
prontylin, intramuscularly and orally, successfully in a case of gen- 
eralized hemolytic streptococcal peritonitis that followed the probable 
extralumenary rupture of an intramural abscess, resulting from an 
appendectomy in a girl 17 years of age. Other clinicians 1 ’ 2 reported 
recovery of patients ill with "primary” hemolytic streptococcal peri- 
tonitis, who were treated with prontosil and sulfanilamide. In 1939, 
Long and Bliss, 3 in addition to the oral and parenteral administration 
of sulfanilamide, suggested its use in solution through a draining sinus, 
into the abdominal cavity, following surgical drainage. Mueller 4 re- 
ported using powered "crystalline sulfanilamide directly in the peri- 
toneal cavity at the time of operation.” This was followed by an 
additional report with Thompson. 5 Jackson and Coller 5 reported on 
"experimental and clinical observations” on the use of "Sulfanilamide 
in the Peritoneum.” Rippy 7 used sulfanilamide intraperitoneally in 
treating gunshot wounds of the abdomen. Ravdin, Rhoads, and Lock- 
wood 8 found sulfanilamide therapy to influence favorably the peritonitis 
of appendicitis, which is usually a mixed infection. Rosenburg and 
Wall 9 placed sulfanilamide into the peritoneal cavity at the close of 
operations for perforated appendicitis or inflammatory disease of the 
pelvis. Wangensteen 10 reported implanting sulfanilamide about the 
anastomoses in certain gastric resection eases and following resections 
of the colon. Following the Pearl Harbor attack, Moorhead 11 reported 
a high mortality among the intra-abdominal injury cases in spite of 
the free use of the sulfonamides. In a later report from this same 
source. Ravdin and Long 12 stated that in the victims of abdominal 
injuries crystalline sulfanilamide was of great benefit to those patients 
who were operated upon. 


mortality in penetrating abdominal gunshot wounds 

though there appears to be a definite tendency to improve, the 
lit ' rite in penetrating abdominal gunshot injuries is, noverlhe- 
a 'll verv hi'di. The 30 per cent mortality reporter] by McGuire" 
the 40 per cent reported by Ktorek, 14 in .'if) personal eases, are 

^ivea for publication. AU,-. 13. »** 
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exceptional and unusual. Reports of large series, both by civilian and 
military surgeons. tend to indicate that the mortality late in tliese 
victims is usually much higher. 1 bus. 4\ allace. 1 '' reporting fi om W oild 
War I, gives a mortality rate which averages 56.5 per cent. In a study 
of 112 eases.. 16 I found a death rate of 60.7 per cent. Oberhelman and 
LeCount 17 reported 222 deaths in 343 cases or a mortality of 64.7 per- 
cent ; and Rippy 7 a rate of 63.4 per cent in 369 cases. Jolly. 18 reporting 
from the late Spanish Civil War. gives a mortality rate of 49.4 per cent 
in 243 consecutive cases. I found, in a recent study of 478 additional 
cases. 19 a fatal result in 54.8 per cent. 

CAUSES OF DEATH 

There is probably no other type of injury that presents as varied a 
pathologic picture at operation as is frequently found in penetrating 
abdominal gunshot wounds, and practically all writers, reporting studies 
of large series of such injuries, agree that the commonest causes of 
death following these injuries are (1) hemorrhage and shock and (2) 
general peritonitis. Other causes of death, such as pneumonia, pulmo- 
nary embolism, residual abscesses, and intestinal obstruction, occur 
relatively infrequently. In a previous report 20 I found that of 68 
deaths 54.4 per cent resulted from hemorrhage and shock, 38.2 per cent 
from general peritonitis, and only 7.4 per cent of all fatalities were 
attributed to such miscellaneous causes as previously named. Hence. 
92.6 per cent of all deaths in that particular group were the result of 
these two causes. In the 47S eases recently studied. 56.8 per cent of 
the patients died of hemorrhage and shock, and 40.1 per cent of gen- 
eral peritonitis. Oberhelman and LeCount 17 found, in the 205 cases 
autopsied, that 101, or 49.2 per cent of the patients died of hemorrhage 
and shock, and 95. or 46.2 per cent, of general peritonitis. Rippy 21 
found that “shock and hemorrhage” accounted for 59.8 per cent of 
the deaths, and peritonitis for 29.6 per cent. 

MANAGEMENT 

The management of hemorrhage and shock in these eases no doubt 
ranks in importance with an intelligently planned and rapidly but 
carefully performed operation that is actually twofold in its purpose — 
first, and most important, the securing of bleeding points, and second, 
the repair of injuries to the hollow viscera. Because of the importance 
of the above facts every effort is usually made to use transfusions of 
blood or plasma in oi'der to overcome the ill effects resulting from the 
hiss of large quantities of blood. Among other measures used, the re- 
eent report of Ilelfricli. Tassels, and Cole, 22 suggests that adrenal eor- 
tienl extract may be very useful in the prophylaxis and treatment of 
shock. 

A tier the control of hemorrhage and shoek there is the danger of a 
generalized peritonitis. Application of the principles advocated by 
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Ochsner, Gage, and Cutting,*’ Wangensteen and Paine / 4 and Bartlett 2 ’ 
lias diminished the severity of many peritoneal infections, made other 
patients more comiortable, and has undoubtedly improved the mortal- 
itj in these cases very materially. Accordingly, the use of Powder's 
position, heat to the abdomen, the maintenance of an adequate fluid 
and electrolyte balance, the management of ileus, and the use of con- 
tinuous gastric and intestinal suction drainage have been of inestimable 
value in the treatment of peritonitis. 

The use of chemotherapy in the treatment of this condition has been 
very briefly reviewed in the introduction of this presentation. The 
beneficial influence of the sulfonamides in the peritonitis resulting from 
abdominal gunshot injuries has lately aroused my interest. While en- 
gaged in the study of 478 such cases, admitted to the New Orleans 
Charity Hospital over a period of fifteen years prior to January 1, 
1942, it was noticed that in those patients receiving some form of chemo- 
therapy the mortality rate was lower. Accordingly, it was decided to 
make a separate study of all such patients and to compare them with 
other patients admitted during the same period of time who had not 
received any chemotherapy during their stay in the hospital. 


GROUP RECEIVING CHEMOTHERAPY 

The first patient in this series to be treated additionally with a sul- 
fonamide was admitted on July 9, 1938, and died five days later of a 
generalized peritonitis. This patient is the first of the 9 fatal cases 
briefly outlined. Since this first ease, and until July 9, 1942, 48 ad- 
ditional patients have received chemotherapy by one or more of the 
usual routes. In this group of 49 cases there were 9 deaths giving the 
almost unbelievable mortality rate of 18.4 per cent. As none of the 
patients in the 9 fatal eases died within twenty-four hours of admission 
to the hospital, it was considered unlikely that any succumbed actually 
to hemorrhage and shock. 


CHEMOTHERAPY GROUP I 

Briefs of Fatal Case's 

Hosr. No. 54321. — A white male, 37 Jen It- of age, hint eleten pei fointions of (In- 
ileum with moderate hemorihnge. He was giu-n prontosil, go c e , eteit four hours. 
Pne flats after admission, he died of general peritonitis 

Hosr No. 73224. — A negio male, 13 teais of age, had two perforations of the 
stomach and moderate hemorrhage. There was etiseerntion nineteen flats nftei opei 
ation and the patient died. He lmd been giten 30 gi. sultnnilannde eteit three hours 
for three doses after operation. 

No 77304. — A "lute male, 30 tears of age had no operation. He was giten 
1 ° Sr " ontosil etery four hours. Autopsy showed pei forations of the liter, stom 
10 c.c. pr j There was a massne hemnrthage. In folly eight limits, 

"fof- hemorrhage and shock and right hemothorax. ’ • 
lie died ot ^ j, ;l tient was a white male, 2S tears old. Multiple intesti 

Hose. A°; tn issed at operation. There was moderate Iienioirhage. 

nal perforations « g r _ > etery two hours for ten doses and iieoprontosil, 

He was giwn sul - l N r ‘ l ‘ ’ He died of general peritonitis, 

o c.c. “ alternately ettm 
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Jlosr. Xo. 10S7S. — This wa- a negro male, 20 yeai«. of age, with perforations of 
the stomach, transveisc colon, and ileum. Massive licnionliagc was piesent. Sulfa- 
nilaniiile was given I tv mouth. Theic was evisceration ten clays after opeiation. The 
patient died of "general peiifonifis and pneumonia." 

Host*. Xo. 42232. — A negro male, 27 years old, had perfoiations of the descending 
c'olon and massive hemorrhage. He was given sulfanilamide, 0.8 per eent solution 
(250 e.e.) by hv podermoclysis, every- six hours for six do«es. He died of general 
peritonitis. 

Hose. Xo. 44254. — A negro male, 37 years of age, had perforations of the ileum, 
jejunum, and tiansverse colon. Massive liemonhage was present. He was given sul- 
fapyridine, 30 gr., every four hours (apparently for pneumonia). Death was at- 
tributed to "general peritonitis and pneumonia.’’ 

Hose. Xo. 61059. — The patient was a negro male, 40 >cars old, with perforations 
of the stomach, jejunum, and caecum. He had massive liemonhage and was given 
sulfanilamide by mouth. There was evisceration ten days after operation. He died 
of "general peritonitis and pneumonia.” 

Hose. Xo. 57015. — A white male, 20 years of age, liad perforation of the ileum 
(missed at opeiation) and perforation ot the right femoral vein and arteiv (both 
ligated). There was massive licmoirhage. Sulfanilamide was used in the opeiative 
abdominal wall wound only. He died of general peritonitis. 

GROUP NOT RECEIVING CHEMOTHERAPY 

During the same period of time. 51 additional patients failed to re- 
ceive chemotherapy in any form. In this group there were 26 deaths, 
resulting in a mortality rate of 50.9 per cent. A closer study of these 
cases shows that 11 died within twenty-four hours of admission, and 
in each of these the cause of death was given as “hemorrhage and 
shock.” Exclusion of these 11 eases would show 15 deaths among 40 
eases, thus giving a mortality of 37.5 per cent. 

INFLUENCE OF SULFONAMIDES ON THE VARIOUS HEMORRHAGE GROUPS 

In a previous communication 20 I classified hemorrhage observed in 
penetrating abdominal gunshot wounds into (1) slight, (2) moderate, 
(3) massive, and (4) unknown. The influences on the mortality rate 
in the various groups are given in that paper and have been recently 
confirmed in the 478 cases additionally studied. A study of the influ- 
ence of the sulfonamides on these various groups among the 100 cases, 
upon which the present paper is based, revealed some interesting data, 
particularly in the “moderate” and the “massive” hemorrhage groups. 
In both those cases in which the patients were treated with the sulfon- 
amides and those not so treated, the mortalities in the “slight” and 
“unknown” hemorrhage groups were the same, as not a death was 
recorded in either of these groups. However, a comparison of the 
“moderate” and “massive” groups in each instance revealed a marked 
difference in their respective mortality rates. In those cases in which 
sulfonamide therapy was used the mortality was 12 per cent and 40 
per eent respectively in the “moderate” groups, while in the eases in 
which nu sulfonamide treatment was given the comparative rates were 
30.7 per cent and 91.6 per cent, respectively. Although the number of 
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cases in this portion of the study is relatively small the marked differ- 
ences observed appear significant and probably represent a true picture 
of the tacts involved. The loss of blood invariably results in a dimin- 
ished resistance; that is, the more blood lost the more diminished is 
the resistance. Accordingly, those patients losing “moderate” or 
massive amounts of blood and recovering from hemorrhage and 
shock, frequently succumbed to the peritoneal infection. It is this 
particular group which is apparently greatly benefited by the use of 
sulfonamide therapy, especially the intraperitoneal use of sulfathiazole 
and sulfanilamide. A glance at Tables 1 and II will undoubtedly make 
these points clearer and even more impressive. 


Table I 

Relationship of Chemotherapy to Hemorrhage, in 49 Patients 
Receiving Sulfonamides* 


TYPE 

OF HEMORRHAGE 

NUMBER 

LIVED 

DIED 

MORTALITY RATE 

(per cent) 

Slight 

s 

s 

0 

j 00.0 

Moderate 

25 

09 ,! 

0 

12.0 

Massive 

15 

9 i 

6 

40.0 

Unknown 

1 

1 

0 

00.0 

Total 

49 

40 1 

9 

ISA 


♦In the recent group 'of 1 00 patients admitted to the New Orleans Charity Hos- 
pital from July 9, 193S, to July 9, 1942. 


Table II 


Relationship of Hemorrhage to Mortality Rate, in 51 Patients 
Receiving no Chemotherapy* 


TYPE 

OF hemorrhage 

NUMBER 

LIVED 

DIED 

MORTALITY KATE 
(PER CENT) 

Slight 

9 

9 

1 0 

00,0 

Moderate 

13 

9 

4 

30.7 

Massive 

24 

0 

22 

91.6 

Unknown 

5 

0 

0 

00.0 

Total 

51 

25 

2G 

50.9 


♦In the recent group of 100 patients admitted to the New Orleans Charity Hos- 
pital from July 9, 1938, to July 9, 1942. 


This brief study would appear to indicate that chemotherapy is of 
distinct benefit in the treatment of these usually serious cases, after 
the dangers from hemorrhage and shock have passed. The importance 
of this study, despite the relative paucity of eases permitting more 
definite conclusions, is nevertheless enhanced by the fortunate avail- 
, , lit 0 £ a control group receiving no chemotherapy and being treated, 
durin* 0- the same period of time, as those additionally treated with the 

sulfonamides. (Fig:- *•) . . . . 

TW sulfonamide drugs used m the 49 cases, heroin considered, were 
• ■ 11 ’ intramuscularly, .subcutaneously, intravenously, and 111 - 

given ora J. gj nce verv few surgeons handled more than one ease 
traperitonea J- jj )ere F a conspicuous lack of uniformity in the use 
in the entire sene . (]l0C ] 0 f peritoneal implantation was started, 

of these drugs until 
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IS.TR VPrRIfOKF CL chew other \p\ 

The leeeiit icpoit oi ITai bison and Key 26 in this lespeet seems to be 
of much intei est Eleven patients m the picsent series weie tieated 
hr placing from 4 to 15 Chit of sulfathiarolc in the peritoneal cavity. 
Each of these 11 patients recovered, and a bnef synopsis of each ease 
is hei cm grien A teiiew of the cases will show the patients to ha i e 
usually suffered multiple peifoiations of the hollow Msceia in addition 
to othei injimes 



/Moderate Mass i.ve 

TYPE OP HEMORRHAGE 


SUqKti^ 8<ra5es iNodeaths 
9 cases J 

dnkN^g ^SS} Node,alhs 

1 ik 1 — <jiis>)t showing the relationship of hemorrhage to mortahtj rate 

A loweied moitality late m these eases, which was pres iously con- 
suleied unlikely, now seems to lie \etv possible. Although 49 cases 
is a lclatnely small mnnbei upon which to diaw conclusions this study 
appears to point to a moie hopeful tutuie toi \ietnns of such injuries, 
especially m the gioup succumbing to geneialired peritonitis The 11 
cases m which the patients leiened inti apei itoncal implantation of 
sulfatlua/ole aie paiticnhuly impiessne since m each the peritoneum 
was definitely contaminated, and in some, fecal matter was i emoted 
horn the cauty It would appeal fiom these 11 easts that the intia- 
pei itoncal use ol huge amounts ot sultathia/olc is rely effeetno and 
horn all tndu atoms sate and uoiitoMe ilnwosci, many olisei \ el s ot 
mtiapei itoncal ehunotheiapy are of the opinion that sulfanilamide is 
just as effeetne and ptobably less danguous *' 
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SURGERY 


CHEMOTHERAPY GROUP II 

Briefs on Cases Receiving Sulfonamide Therapy Intrapcritoncalhj 

Hosi\ No. 0o28. A negro male, 15 years of age, had eight perforations of the 
iloum and moderate hemorrhage. He was given 10 Gm. sulfathiazole in the peri- 
toneal cavity and recovery followed. 

Ifosp. No. 1221-1. — The patient was a negro male, 22 years of age. He had sev- 
eral perforations of the stomach and slight hemorrhage. Sulfathiazole, 10 Gm. intra- 
pcritonoally, was given and recovery followed. 

Hose. No. 10310. A negro male, 38 years old, had perforations of the stomach 
and small intestine. There was moderate hemorrhage. Sulfathiazole, 10 Gm. intra- 
peritoneally, was administered, followed l>y recovery. 

Hosp. No. 20511. — This was a negro male, 30 years of age, with numerous per- 
forations of the ileum, jejunum, and sigmoid. He had moderate hemorrhage. Sulfa- 
thiazole was given 15 Gm. intraperitoneally. The patient recovered. 

Hosp. No. 15S5. — A negro male, 13 years old, had perforations of the stomach and 
pancreas. There was slight hemorrhage. Sulfathiazole, 10 Gm. intraperitoneally, 
was given, and the patient recovered. 

Hosp. No. 1885.— The patient was a negro male, 21 years of age, who had perfor- 
ations of the jejunum and descending colon. There was moderate hemorrhage. Sul- 
fathiazole was given, 5 Gm. intraperitoneally, and recovery' followed. 

Hosp. No. 11G35. — A white male, 11 years of age, had perforations of the ileum 
and cecum. Slight hemorrhage was present. Sulfathiazole, 10 Gm., intraperitoneally, 
was administered. The patient recovered. 

Hosp. No. 17777. — A negro male, 23 years old, had perforations of the ileum and 
urinary bladder. There was moderate hemorrhage. Sulfathiazole was given 5 Gm. 
intraperitoneally, followed by recovery. 

Hosp. No. 33771. — This was a negro male, 32 years of age. He had perforations 
in the transverse colon, jejunum, and left kidney. Moderate hemorrhage was present. 
Sulfathiazole, 5 Gm. intraperitoneally was given. The patient recovered. 

Hosp. No. 15847. — A negro male, 69 years old, had perforations of the jejunum 
and descending colon. There was moderate hemorrhage. Sulfathiazole was given, 

1 Gm. intraperitoneally, and 2% Gm. in 500 c.e. normal saline as hypodermoelysis 
every eight hours. Recovery followed. 

Hosp. No. 47623. — This patient was a white girl, 14 years of age. She had 
multiple perforations of the ileum and moderate hemorrhage. Sulfathiazole was 
placed about the areas of bowel perforations. A sulfanilamide-sulfadiazine mix- 
ture was used in the abdominal wall wound. Sodium sulfadiazine was given, 15 
<rr. intravenously', every six hours and eschatin, 2 c.c., every 2 houis. The patient 
was operated upon forty-one and one-half hours after being shot; she recovered. 


TOXICITY 

In no case in this series in which the patient received chemotherapy 
was there any indication of toxicity from the drugs used. At least in 
none of the records was there any mention of cyanosis, nausea and 
vomiting, nor jaundice, certainly none that could he allrihuled to the 

use of the drugs. 

u blood levels 

XT «ntinp blood sulfonamide levels were determined in these eases. 

1 r f. u ,f ),|ood levels were determined in only 9 of the 4!) 

As a ln J* tc, ‘ !’ rh recorded was !).2 mg. per 100 c.e. of ldood, observed 
eases. 110 - n w ]jj e ]x the patient received 5 tfm. of sulfa! h insole 

in Case No. 11 ll1 ' lcve ] s than this were the rule in nearly all 

intraperitoneally. bone 
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the other cases. No concentration determinations were recorded, and 
none were made, on the peritoneal fluid. The records additionally 
indicate that none of the 11 patients thus treated was surgically drained. 

SUMMARY 

The introduction of the sulfonamides, in the treatment of bacterial 
peritoneal infections, has added what appears to he several very effec- 
tive, and apparently relatively safe, drugs to our armamentarium for 
the treatment of this frequently fatal disease. The implantation of 
these drugs, particularly sulfanilamide and sulfathiazole, into the peri- 
toneal cavity, at the completion of a celiotomy, seems to be an espe- 
cially valuable and effective way of treating generalized peritonitis. 

Although hemorrhage and shock usually account for more than one- 
half the fatalities among victims of penetrating gunshot wounds of the 
abdomen, general peritonitis is not far behind, and is itself a very 
potent factor in the fatal eases. Only a relatively small and almost 
insignificant number of victims of these injuries succumb to miscel- 
laneous causes. The recent practice of using the sulfonamides in these 
abdominal gunshot injuries, as apparent from the study of the eases in 
this presentation, has resulted in an almost unbelievable drop in the 
mortality rate in these victims. Prom all indications it is quite pos- 
sible that the use of these drugs frequently helps those patients who 
have survived a severe hemorrhage fight off the ravages of an other- 
wise fatal infection. Such patients, aided with large transfusions, 
make unbelievably rapid recoveries. 

Despite the fact that some opinions have been rather forcefully ex- 
pressed regarding the dangers of the toxicity of these drugs, particu- 
larly when introduced intraperitoneally in large doses, their use in 
the treatment of penetrating abdominal gunshot injuries appears to be 
especially indicated. Although some surgeons have felt, in using the 
sulfonamides intraperitoneally, that the dangers of the drugs are 
greater than the risks of the infection, I am of the opinion that this 
feeling should not prevail when penetrating gunshot wounds of the 
abdomen, with perforations and lacerations of the hollow viscera, are 
considered. Certainly in the group of 49 eases herein considered there 
was no record of any toxic symptom attributable to these drugs. 

Routine blood sulfonamide levels should be run on all eases treated 
with these drugs, especially when large doses are used. In eases with 
peritoneal drainage, a study of the peritoneal fluid concentrations, 
when compared with the blood levels, will at least give some idea of 
the rate of absorption of the drug. Among those cases in which intra- 
peritoneni implantations of sulfathiazole were used, the amount of 
the drug used was no criterion p, the blood level expected. Some 
patients reeei\ing relatively large amounts intraperitoneally shooed 
relatively low blood levels and vice versa. 

The intnipeiitoneal use of the sulfonamides has appeared to obviate 
the need for drainage in these — — 
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With suction or otherwise seems to suffice if the drug is going to be 
placed, in adequate dosage, into the peritoneal cavity. Additional ad- 
ministrations of these drugs may be by any of the several routes other- 
wise available to the surgeon. 


CONCLUSIONS 

1. A brief review oi chemotherapy in general peritonitis is presented, 
showing' the tavorabie influence of (he sulfonamides upon this dreaded 
disease. 

2. The mortality rate in penetrating abdominal gunshot wounds is 
still frightfully high, although a tendency to improvement appears 
evident . 


3. About 90 per cent, and usually more, of patients with penetrating 
abdominal gunshot injuries succumb to (a) hemorrhage and shock, or 
(b) generalized peritonitis. The former cause usually predominates in 
large series of cases, although general peritonitis is practically invari- 
ably a very close second. 

4. The management of these victims comprises the treatment of 
hemorrhage and shock, and, the treatment of peritonitis, which is prac- 
tically always a complication when hollow viscera are injured. 

5. A group of 100 eases of penetrating gunshot wounds of the ab- 
domen admitted to the New Orleans Charity Hospital from July 9, 
1938, to July 9, 1942, constitutes the material upon which this study 
is based. Forty-nine received some form of chemotherapy, whereas 
51 were more or less similai'ly handled except that no sulfonamides 
were used as additional treatment. 

6. In the chemotherapeutically treated group the mortality rate was 
18.4 per cent. The 51 patients receiving no sulfonamide treatment 
showed a mortality of 50.9 per cent. 

7. A closer study of the group treated with the sulfonamides is very 
impressive. The 11 patients getting in traperitoneal implantations of 
sulfathiazole, and showing no deaths, are especially interesting. The 


study leaves one with a very favorable opinion regarding chemo- 
therapy in penetrating abdominal gunshot wounds. 

8. I am of the opinion that the use of the sulfonamides, especially 


intraperitoneally in gunshot injuries of the intestines, will lower the 
mortality in these victims very materially. In the present series sulfa- 
thiazole was the only sulfonamide used intraperitoneally. 

9 None of the patients treated with the sulfonamides showed any 
evidence of toxicity attributable to these drugs. 

10 Although peritoneal fluid concentrations were not determined, 

of the eases being drained, the small number of blood level deter- 

none clru"S failed to show any high figures in spile of 

mmations ioi tiwm, 

4 /»»!/><» I in ‘enmr* 


large doses imp sulfonamides are especially beneficial in those 

11. It appeal- < hemorrhage. Such cases showed a .91. « per 


lantcd intraperitoneally in some eases. 


eases shovm 
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cent mortality in the group receiving no chemotherapy as compared to 
the 40 per cent fatality in the group receiving additional treatment 
with the sulfonamides. 
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A CONSIDERATION OP EMPYEMA: ESPECIALLY ITS 
CHRONIC PHASE 

J. E. Strode, M.D., F.A.C.S., Honolulu. Hawaii 

(From The Clinic, Honolulu) 

/CHRONIC empyema is a disease entity which fortunately is becoming 
less frequent, due to two reasons. First, because of the remark- 
able results being accomplished in the treatment of pneumonias by the 
sulfonamides and second, because the proper treatment of acute empy- 
ema is much better understood by the medical profession at large than 
it. was only a few years ago. 

The investigations carried out by the empyema commission of the 
U. S. Army during World War I did more toward placing the treat- 
ment of acute empyema in this country on a rational basis than any 
investigations before or since. A consideration at this time of some of 
the more important problems connected with the proper handling of 
the acute empyema is pertinent to the present discussion since, theo- 
retically at least, chronic empyema only results from improper treat- 
ment or lack of treatment of this condition in its acute phase. 

An acute empyema usually becomes chronic because of one or a 
combination of the following factors: 


1. The empyema was inadequately drained. 

2. Open drainage was resorted to too early. 

3. It was drained too late. 

4. Underlying pathology in the lung parenchyma feeding the pleuial infection. 

5. The presence of bronchial fistulas. 

G. The presence of foreign bodies in the pleural cavity such as pieces of dunnage 
material, necrotic rib, etc. 

7. An apparently acute pyogenic infection of the pleura may in reality he on a 
tuberculous, or a neoplastic basis. 

S. Occasionally a subphrenic abscess may perforate through the diaphragm and 
give rise to a chronic infection of the pleura. 


During the early part of World War I the empyemas associated with 
the hemolytic streptococcal pneumonias accompanying the influenza 
epidemics were operated upon early with an ensuing prohibitive mor- 
tality rate. The empyema commission concluded from their studies 
that' this was largely due to subjecting these individuals to surgery too 
4 - Deferring operation resulted in a great improvement in inor- 
rate w hich dropped from around 40 per cent or more to 4 per 
a 1 ' C -ilia m 1 who was a member of this commission, has subsequently 
cent. Tic > , nta t0 j )C found by waiting until the formative 

— ^ed'and frank pus is present, by the following: 
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(1) There is less danger of creating a general open pneumothorax because 
there is a more or less circumscribed abscess shut, off by adhesions from any 
communication with the free pleural cavity so that during the operation the 
pleural cavity, properly speaking, is not entered. (2) Even if an open 
pneumothorax is created, its harmful effects are lessened because (a) the sub- 
sidence of the active pneumonia lias tbe effect of making the area of the air- 
inlet to the lungs larger than alien many of the bronchioles and much of the 
lung parenchyma are blocked by the pneumonic process, so that tiie pleural 
opening is incapable of producing the same amount of barm; (b) the pres- 
ence of adhesions and the inflammatory thickening and induration of the 
mediastinum tend to make it less mobile: (c) tbe patient’s need of oxygen 
is less because of a more nearly normal metabolism; (d) the respiratory com- 
pensation is more efficient since, owing to a diminished toxemia, the respira- 
tory muscles will not become so easily fatigued. (") The patient is in better 
condition to withstand whatever shock there is connected with even so slight 
an operation as pleural drainage. ( 4 ) There is probably less risk of creating 
a septicemia from absorption of organisms from the ftesli operation wound, 
an occurrence which seemed to us during the war to have happened a few 
times by the finding of positive blood cultures a few hours after operation in 
cases in which previously there had been sterile blood cultures, tbe operation 
having been done early in the disease. As a matter of fact, a patient who 
lias recovered from his active pneumonic process, and whose mediastinum has 
become thickened and stiffened bv adhesions so tliat it no longer lias normal 
mobility, may withstand an open pneumothorax better than a normal indi- 
vidual. 

It is conceded by everyone that if the accumulating fluid is a source 
of embarrassment to the cardiorespiratory mechanism, aspiration may 
he done without danger and occasionally, though rarely, one may he 
rewarded by the gratifying result of a cure by this method. Graham 
further states in this respect, "If. however, one uses the aspiration 
method to tide the patient over the pneumonic stage, the dangerous 
period, to he followed by open drainage later, then be is using the pro- 
cedure which one of us (E. A. G.) has been advocating since 1918.” 

The time to discontinue aspiration in favor of open thoracotomy is 
largely based on the appearance and consistency of the exudate. "When 
it becomes definitely purulent this time has arrived. Some observers 
advise taking tile specific gravity of the aspirated exudate and believe 
it is time for operative interference when this reading reaches 1.040. 
Empyemas from pneumococcus infection may, in general, he drained 
with safety earlier than those resulting from streptococcus infections 
because the pneumonic process is of shorter duration and the exudate in 
the pleura becomes more rapidly purulent. 

Even though the individual survives the shock of too early an opera- 
tion he is still a more likely candidate for the development of a chronic 
empyema than he would have been with operation at the optimum lime. 
I he collapsed lung and the displaced mediastinum leave a cavity of 
great size to refill and the thickening of the visceral pleura and fibrous 
changes that take place in the lung parenchyma may prevent sufficient 
lung re-expansion to accomplish this end. 


A CONSIDERATION OF EMPYEMA: ESPECIALLY ITS 
CHRONIC PHASE 

J. E. Strode, M.H., F.A.C.S., Honolulu. Hawaii 

(From The Clinic, Honolulu) 

/CHRONIC empyema is a disease entity which fortunately is becoming 
less frequent, due to two reasons. First, because of the remark- 
able results being - accomplished in the treatment of pneumonias by the 
sulfonamides and second, because the proper treatment of acute empy- 
ema is much better understood by the medical profession at large than 
it was only a few years ago. 

The investigations carried out by the empyema commission of the 
U. S. Army during- World War I did more toward placing the treat- 
ment of acute empyema in this country on a rational basis than any 
investigations before or since. A consideration at this time of some of 
the more important problems connected with the proper handling of 
the acute empyema is pertinent to the present discussion since, theo- 
retically at least, chronic empyema only results from improper treat- 
ment or lack of treatment of this condition in its acute phase. 

An acute empyema usually becomes chronic because of one or a 
combination of the following factors: 


1. The empyema a as inadequately drained. 

2. Open drainage was resorted to too early. 

3. It was drained too late. 

4. Underlying pathology in the lung parenchyma feeding (he pleural infection. 

5. The presence of bronchial fistulas. 

G. The presence of foreign bodies in the plouinl eavitv such as pieces of diainage 
material, necrotic rib, etc. 

7. An apparently acute pyogenic infection of the pleura may in reality he on a 
tuberculous, or a neoplastic basis. 

S Occasionally a subphrenic abscess may perforate through the diapluagm and 
g-ive rise to a chronic infection of the pleura. 


During the early part of World War I the empyemas associated with 
the hemolytic streptococcal pneumonias accompanying the influenza 
epidemics mere operated upon early with an ensuing prohibitive mor- 
tality- rate. The empyema commission concluded from their studies 
that 'this was largely due to subjecting these individuals to surgery too 
‘ Deferring operation resulted in a great improvement in inor- 
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a primary neoplastic lesion of the lung with a secondary involvement 
of the pleura, though the pleural fluid when present is usually tinged 
with blood rather than being purulent. 

In considering the treatment of an acute empyema the question arises 
as to the relative merits of negative suction versus other methods of 
handling the thoracotomy tube. In 1876, He wet t- described a very effi- 
cient means of using a closed method of drainage and since this time 
there has been considerable discussion of this method and various other 
methods and modifications. Binnie, 3 in speaking of the closed method 
of empyema drainage, made this rather apt observation, “In recent 
years it has been frequently rediscovered and modified in unessential 
details. ' ’ 

In my own mind, at least, I am firmly convinced that negative suc- 
tion applied to the pleural cavity has very definite advantages for the 
following l’easons: 

1. Maintaining a constant intrapleural negative pressure, I believe, 
not only prevents the lung collapsing to the degree it would with an 
open thoracotomy but it would appear to be of material value in assist- 
ing in re-expansion of the lung. 

2. An effort is made to place the thoracotomy tube at the most de- 
pendent area of the empyema cavity but not infrequently it is found, 
by digital exploration after opening into the pleura, that the opening 
is too high. Rather than resect a rib lower I prefer to locate the most 
dependent spot with my finger introduced into the pleura and then 
insert a mushroom catheter intercostallv through a stab wound into the 
dependent area. This catheter is subsequently used to irrigate the 
cavity with Dakin’s solution, saline or whatever solution is in public 
favor at the moment. Just now the various sulfonamides seem to have 
captured this coveted position. Powdered sulfanilamide, 8 Gm. dis- 
solved in 1000 e.c. of hot sterile water, or normal saline has been recom- 
mended by Adams* and this sounds logical but with this solution I have 
had no experience. With negative suction to draw the irrigation fluid 
out of the cavity a continuous cleansing may he carried on which no 
doubt aids in earlier healing. 

0. There is a saving in dressings and, I believe, in length of hos- 
pital stay. 

Due objection to suction has been that the patient is necessarily con- 
fined to bed hul this objection can be obviated if the connecting tubes 
are left long. 

In using negative suction it is important to make the tube, as it 
enters the chest, airtight. This can usually he done if the incision is 
closed snugly about the drainage tube in layers. A silk suture is passed 
on either side thromrh the tube and chest wall to hold it in place. In 
addition the tube is brought out through a tightly fitting sterile rubber 
sponge. When this is strapped to the chest without any intervening 
dressing there is little likelihood of a leak occurring for approximately 
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^ htle .it is evident from (lie foregoing that early operation is to be 
avoided it is equally true, though an error less frequently committed, 
that late operation allows changes in the pleura and lung to take place 
that may contribute to the development of a chronic empyema. A large 
collection of purulent exudate compresses the lung and if left undrained 
foi a long period of time causes thickening of the pleura and encase- 
ment of the lung that may prevent its subsequent re-expansion. 

As has been stated, repented aspiration may occasionally result in 
curing an empyema and so may intercostal drainage. Either method is 
not in keeping with the time-honored doctrine that pus calls for wide- 
open adequate drainage. We believe in resecting a generous piece of 
rib, enough to permit the introduction of a tube at least 2 cm. in diam- 
eter. As is well known, this should be done in the most dependent por- 
tion of the empyema cavity. The usual location, in an empyema that 
is not encapsulated, is the mid- or postaxillary line, resecting either the 
eighth or ninth rib. The pleural space normally extends lower but by 
the time the patient comes to operation the costophrenie angle has usu- 
ally become obliterated by adhesions. It is important, also, not to place 
the opening too far anteriorly lest, pocketing occur when the patient 
is recumbent. 


Not only is it important to make an adequate primary opening into 
the pleura but it. is equally important to maintain that opening until 
the pleural cavity has largely become obliterated and sterilized. This 
can be determined in the usual case by the amount and character of the 
exudate, though for the more fastidious, examination of smears and 
cultures of the exudate offers a more scientific if not a more practical 
determination of the time to discontinue drainage. An improperly 
placed and too small thoracotomy opening undoubtedly accounts for 
the majority of empyemas becoming chronic. 


Foreign bodies such as a piece of drainage tube, a piece of necrotic 
rib, or other substances may account for an empyema not closing. Such 
foreign bodies may be picked up by x-ray, by digital exploration of the 
cavity by a thoracoscopic examination, or by the use of a eystoscope in 
the absence of the appropriate instrument. 


It is important to remember that the failure of an empyema to close 
mar not he primarily clue to the condition of the pleura but may be 
secondary to an involvement of the Jung itself. Bronchopleural fistulas, 
S -hen small, may lie expected to close spontaneously but when large 
'' . ten( | prevent re-expansion of the lung by interfering with in- 

tlcJ . pressure in the bronchial tree during ordinaiy respiration, 
crease in straining, blowing, etc. Reinfection of the pleural 

coughi 0 > ^ ppr'bv way of the fistula especially when il is associated 
cavity nun occ . or other types of infection of the lung 

with bronc ne ^ ^ ^ must J1{) t forget that t he original lesion in the 
parenchyma. - ^ tuberculous one and the infection in the pleura 

lung may haie ,cc ‘ m ; xef ] infection. The same may be .said for 
is secondary to tins pm- ‘ 
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chial fistula this point can be determined by the patient coughing up 
some of the fluid oi - patient detecting the presence in his nasal passages 
of chlorine, if Dakin s solution is used. Warning to proceed carefully 
in this examination is probably unnecessary. 

4 . Information as to size, shape, and direction of the cavity can be 
obtained by probing its interior with a flexible uterine sound, a method 
that should not be neglected. 

5. Inspection of the interior of the cavity by the thoracoscope or, if 
this is not available, by a cystoscope may help confirm information al- 
ready accumulated by the foregoing investigations. The presence of 
foreign bodies may he easily detected and their removal accomplished, 
or a specimen of pleura may be obtained for microscopic study if this 
seems advisable. 

6. Secretion of the cavity procured from its interior as well as 
sputum, if any, should be studied hv smear, culture, and possibly 
guinea pig inoculation. 

7. Bronchoscopy may reveal a stricture of the bronchus proximal to 
its communication with the empyema cavity, and cases have been ob- 
served where dilating the stricture lias aided in curing this condition. 

8. If doubt exists as to the presence of bronchiectasis, especially in 
relation to a bronchial fistula, bronchography may be of value in deter- 
mining this point and the extent of huig resection necessary in its 
correction. 

9. General studies of the patient should be carried out to determine 
his cardiac reserve, vital capacity, extent of renal damage, if any, and 
the necessity for blood transfusions, all to be evaluated and correlated 
to determine his fitness for surgery. 

Again in the treatment of chronic empyema all competent observers 
are agreed that if adequate drainage has not been established this 
should be done before resorting to more radical measures. Adequate 
drainage plus cleansing of the cavity, preferably by Dakin's solution, 
plus measures directed at improvement in the patient's general condi- 
tion result in cure of the empyema in a majority of instances. 

When these measures have been adequately tried and success has not 
resulted, then obliteration of the cavity by one or a combination of 
several methods must he resorted to. Either the chest wall must ho col- 
lapsed to meet the lung, the cavity must he filled by adjacent structures 
usually muscle, or the lung must be freed to enable it to re-expand to 
meet the chest wall. Crushing the phrenic nerve on the afl'cetcd side 
may permit the diaphragm to rise and he of material value in diminish- 
ing the size of the empyema cavity. 

W hen the data which have just been enumerated have been collected 
one can proceed in an intelligent manner to deal with presenting con- 
ditions. In general, when a thorough trial lias been made with ade- 
quate drainage and cavity sterilization without success, an operation 
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a week or ten days and during this lime all (lie advantages of closed 
suction will, in all probability, have been accomplished. 

There are various methods of securing negative suction. The one we 
have used most frequently has been by use of a water suction pump con- 
nected to the faucet, but an electrically driven suction pump is superior 
to this method. The least effective and the most troublesome one is by 
use of large bottles or demijohns connected in the same manner as a 
Wangensteen suction apparatus. It has the single advantage of prac- 
tically always being available. .An effort, is made to maintain a nega- 
tive suction of from 8 to 11 mm. of Hg. No ill effects from this amount 
of suction have been encountered. 


Just when an acute empyema ceases to belong in this category and 
should be classified as chronic probably depends less upon the lapse of 
time than on the pathologic changes that have occurred in the struc- 
tures surrounding the cavity. Inadequate drainage results in thicken- 
ing of parietal and visceral pleura ; too early drainage results in pneumo- 
thorax with collapse of the lung; while too late drainage brings about 
the same condition from compression of the lung by. the accumulated 
fluid. Regardless of the reason for the lung being left collapsed, and in 
addition to changes in its surrounding pleura, fibrous changes take 
place in the lung itself which interfere with subsequent re-expansion. 
In general such changes have occurred at the end of three months and 
this is the period which is usually designated in dividing acute from 
chronic empyema. 

When one is confronted with a case of empyema which begins to as- 
sume the aspects of becoming chronic the following investigations 
should be carried out to determine, if possible, the cause or causes for 
delayed healing. 

1. If the patient from the onset has not been under one’s care, a 
careful detailed inquiry into the history of the case may be extremely 
valuable, particularly so as related to the possibility of tuberculous 


infection. 

2 Careful x-ray and fluoroscopic studies should be made to deter- 
mine the size and location of the cavity, the condition of the parenchyma 
of the lung, the possibility of tlu* presence of foreign bodies in 1 he 
cavitv the mobility of the diaphragm, the thickness of the pleura, and 
the possibility of osteomyelitis of the ribs, etc. 

Stereoscopic and Bucky x-ray pictures may add information, as well 
•' 's of the chest taken at different angles. Exposure following 
fill' o- of the cavity with diodrast, lipiodol, or other solutions opaque to 
“ 11118 , s i s of special importance. The size and extent of the cavity 
the *Y ia ;\ *■ s hjp to surrounding structures can more easily be del gr- 
and its rc • presence of pockets and the length and direction of 

mined, as can - j| K . empyema cavity. 

the fistulous < ^ w j{|, measured amount of fluid will also assist 

3 Filling t 1C ca \ • j jj- ( i ol ,bt exists as to the presence of a Pron- 
in determining As and 
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or with muscle flaps to fill the cavity because these measures to us seem 
more fraught with danger and technical difficulties and possibility of 
failure, while the operation as described above has given satisfactory 
results. If there is extensive involvement of the lung parenchyma with 
bronchiectasis, and/or multiple lung abscesses, the involved lobe or lobes 
of the lung will have to be removed before permanent cure is obtained 
as was the case in one of the individuals here reported. 

The following ease reports are presented as being illustrative of some 
of the points brought out in the previous discussion. 

Case 1 (No. 108,900).— P. C, a male, aged 2G years, was admitted to The 
Queen’s Hospital Aug. 30, 1937, and discharged Nov. 25, 1937. About fouiteen 
months previous to admission to the hospital he was operated upon elsewhere for a 
left empyema following pneumonia. He was in the hospital at that time for about 
seven months and was then discharged apparently well except for occasional 
purulent discharge from the thoracotomy opening. He felt well for approximately 
six months and then developed pain m the left chest, cough, fever, and loss of weight. 

On admission to The Queen’s Hospital there was a small draining sinus in the 
midaxillaiy line m the region of the ninth rib on the left side. Physical examina- 
tion and \ ray studies reioaled dullness and cloudiness in the left lower chest which 
was thought to be fluid resulting from an improperly drained empyema cavity. 
No evidence could be elicited in the \ ray studies suggesting pulmonary tuber 
eulosis. His temperature was from 99 to 101 to 104° F. during the next ten days. 
The blood count showed hemoglobin 45 per cent, red blood cells 3,000,000, leuco 
cites 13,400, polymorphonuclears 77 per cent, monocytes 3, small lymphocytes 16, 
and large lymphocytes 4. Smeais and cultures of the exudate showed Gram-posi 
tne organisms (staphylococcus) and no tubercle bacilli could be found. Urine 
examination was negative as was the Wa=sermann and Kahn. The patient was 
given 500 c.c. of blood on September 6, and on September 7, the hemoglobin was 
60 per cent and the rod blood cells 3,300,000. 

7’ir.it Operation. — Thoracotomy: On September 10. the patient was given an 
other 500 c.c. of blood and under local anesthesia a portion of the eighth and 
ninth ribs in the posterior axillary line was resected, along with a piece of pleuta 
about inches in diameter. The parietal pleura was markedly thickened, being 
approximately one inch in thickness. About one pint of pus was evacuated, A 
large rubber tube and a No 24 rubber catheter were inserted into the empyema 
cauti through the opening, the former for drainage, the latter to be u«ed for irri- 
gation Irrigation of the canty was done twice daily with Dakin’s solution. No 
evidence was obtained of a bronchial fistula being present after irrigations. The 
patient's temperature soon came down to normal. On October 5, the tubes were 
removed, the chest was fluoroscoped, and the inferior of the cavitv explored ]>v 
iiteiine sounds and inspected by thoiacoscopy. The cavity vva= found to extend 
touunl and behind the peril ardiuni and upward to about the spine of the scapula. 
No evidence of a bronchial fistula could be seen and none was expected since there 
was no discomfort experienced bv the patient following irrigation of the cavity. 
There were no foreign bodies visible. Though the cavity was seen to be multiloeular, 
apparently there was no poihetmg or walling off of cavities. Due to the greatly 
the heat'd parietal pleura and the absence of any appreciable diminution in sire of 
thci.niH following one month's drainage and daUnt/ation it was decided that more 
ra.lual operative i liter f creme was indicated. On September 2S, the hemo-lobin 

was Of, per cent, and red blood cells. 1.120,00(1. On October 6, he was given 550 
»\<* of nloo<l. 
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based on Hie Estlandcr-Schedc principle is (he procedure (lint ■rives (lie 
niosl sa( is Hi dory resull. We proceed .some! hing ns follows: an initial 
incision is made' over 1 Ik* course of (lie rib which lias previously been 
1 amoved, sufficiently large afler resed ing (lie rili and cutting away a 
portion of the parietal pleura to explore the interior of the cavily. One 
is then able to extend the subsequent incision in the proper direction 
from the information thus obtained. Beginning at the most dependent 
portion of the cavity after reflecting the skin and subcutaneous tissue 
the entire chest wall including ribs, parietal pleura, and intercostal ves- 
sels and muscle are removed. The object is to remove sufficient of the 
overlying chest wall to permit the skin and subcutaneous tissue to fall 
in and come in contact with the visceral pleura covering the lung. 
During this undecking or saucerizing process search is made for pockets 
surrounding the main cavity and these arc also undecked. If bronchial 
fistulas are present they are dealt with according to size, shape, and 
surrounding sear tissue. Small fistulas will probably close without spe- 
cial attention ; large ones or ones held open by much surrounding sear 
tissue need excision and suture of the lung or excision of also a portion 
of the lung if bronchiectasis or abscesses are present. 

The lower portion of the empyema cavity is attacked first and ade- 
quately taken care of before proceeding upward. If the cavity is at all 
extensive or the patient is in poor condition the operation will have to 
be divided into stages. The first stage is terminated by placing several 
rubber tissue drains or tubes up to the apex of the remaining cavity, 
these being brought out through the chest wall at the most dependent 
portion of the cavity. After partially closing the incision large dress- 
ings are applied and held in place by elastic adhesive for its compress- 
ing effect. 

One or two weeks later a second attack is made through the same in- 


cision carrying it higher anteriorly and posteriorly, as the ease may ho, 
to obtain adequate exposure. The operation may be com plot ed nl 1 his 
stage or subsequently, depending upon Hie individual case. With the 
incision extending up posteriorly between the sea pula and the vertebral 


bodies the scapula can he elevated or drawn anteriorly and cavities 
reaching at the apex of tiie pleura may he dealt with without difficulty. 
The success of the operation depends upon adequately saucerizing the 
empvema cavity so that there are no overhanging edges and no pockets 
left undrained’ thus permitting the skin and subcutaneous tissue to 
me into intimate contact with the visceral pleura covering the lung. 
Tl mbber tissue drains are gradually withdrawn allowing obliteration 
1 hc J -Uv from above downward. Continued compression during 

tlVhcalhm process aids in obliteration of the cavity. 

Tn ‘ 17 | a ] ai .j, c portion of the chest wall results in some de- 

The remo\* ^ extent one might imagine, except in rhihlren a ml 
formity , w j l0se l,one growth has not been completed. We have 

young individmt s fj eco rtiration of the lung to allow its expansion 
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S(ct»ul Ojinatinn. — First stage Kstlandei Srhede procedure: The lii-l stage "«s 
iloni' Of!. S. with eyclopi opane anesthesia. A curved incision ua« intuit' be 

ginning posterior to the untile of the scapula tint! extending down anteriorly o\er 
the ninth rib to the nipple line (Fiji. 11. Portions of the eighth, ninth, nml tenth 
ribs were resected with the underlying jileutti so ;ts to saneori/e eompletely the lower 
portion of the empyema cavity (l-’ig. 2). The upper putt of the cavity lying beneath 
the scapula was parked with vaseline gaure and nibhcr tissue drains which were 
brought out through the lower part of the incision and the wound was pattially 
closed. Oa October 11, transfusion of ,mU e.e. of blood was given. Oetobei 1(i. 
lieinoglobin was flu per cent and ted blood cells I.12d,d00. Octobei 21, tianstosion 
of dJO c.c. of blood was given. 

Third Opnation .— Second stage Kstlnndei Srhede procedure. 'J’be same incision 
was opened and carried higher and posteriotly between the seapnhi and the paste 
t ior spinous processes. I'ortious of the fifth, sixth, aud seventh libs with under- 
lying pleura were removed so as to complete the saueeriration or underking ptoeess 
over the entire empyema entity. 1 trains vveie insetted as before and brought out 
through the dependent portion of the tneision. The incision was partially closed. 
These drains were slowly removed as the operative wound healed. 

Vourth Opt ration . — The last operation was done November 5. The phrenic nerve 
on the left was crushed above the clavicle. Following each icniovnl of rile* and 
parietal pleura the wound was covered with large dressings and snugly strapped 
with elastoplast to aid in the caving in piocej>« of the chest wall. Microscopic ex- 
amination of the pleura removed at each operation showed no evidence of tuber- 
culosis, only sear tissue and intkumnntory leaetion. On November lid, or S7 days 
following admission to tbe hospital, the patient was discharged with the wound 
practically healed, lie soon returned to his former occupation, that of harlier, and 
ha« lieen free of symptoms since. 

Case 2. — A man, aged -19 years, was admitted to Loalii Homo on Dee. 21, !!*:»“. 
On Nov. 2. 10117, ho had been opointod upon elsewhere fot unite appendicitis under 
general anesthesia and was discharged on Nov. 111. 10117. On Nov. 211, 10117, while 
testing at home he had a severe attack of chills and fevet with some cough, ex- 
pectoration. and night sweats, and also some pam in the left chest posteriorly. He 
had lost duiing this time sixteen pounds in weight. On examination time v\n* 
dullness of the entile rigid upper lung nnteiiorly nml posteiioily with bronchial 
breath sounds hut no tfdes, and the left lung was clear. Vfassermann and Kahn 
were negative. Urinalysis showed a trace of albumin. l?lood count was (i| pci cent 
hemoglobin with -1,200,00(1 ied blood cells and a white count of 10,1)00. Sputum 
on eighteen examinations was negative for tuheielo bacilli. Mnntoux in the fn.-t 
dilution was positive. X ray showed pneumonic infiltration witli cavity in the tight 
upper lung. On .lan. 22, IMS, the patient was fluoioscoped and the right eosto 
phrenic sinus was seen to tie obscured with development of eailv pleural effusion. 
This was aspirated on the following duv and 150 e.e. of slightly bloody fluid weie 
obtained, which showed on microscopic examination a 1,500 cell count, 70 per cent 
being polvmoi phonuclear cells. Cultuie was negative foi acid-fast and other oigan 
isms. Following the pleural effusion the patient became much vvoise. lie he-uino 
extiemely toxic with high septic temperature and blood count rising to 20,000 with 
SO per cent polynuclear leucocytes. Another thoracentesis showed the development 
of a foul empyema. On Feb. 1, 1011 s, „ poition of the tenth nb in flic light postc 
rior axillary line was removed and the empyema diamed Following this pinccdurc 
and aftei scveial blood transfusions tin- patient’s condition impioved cmisiderablv 
There was still expectoration of about 100 e e. of piuulent muteiml daily and the 
fempeiatuie was never flat. The empyema cavity was iriigated daily but this was 
stopped when the patient began to expectorate fluid used foi iirignting, proving the 
piesenee of bionchopleurnl fistula. On May IS, 193, S, bionchoscopv was performed 
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Second Operation . — First stage Esthinder-Sehcde procedure: The first stage was 
done Oet. S, 191)7, with cyclopropane anesthesia. A curved incision was made lie- 
ginning posterior to the angle of the scapula and extending down anteriorly over 
the ninth rib to the nipple line (Fig. 1). Portions of the eighth, ninth, and tenth 
ribs were resected with the underlying pleura so as to sauceri/e completely the lower 
portion of the empyema cavity (Fig. 2). The upper part of the cavity lying beneath 
the scapula was packed with vaseline gauze and rubber tissue drains which were 
brought out through the lower part of thy incision and the wound wtts partially 
closed. On October 11, transfusion of odd e.e. of blood was given. Oetobor Id. 
hemoglobin was do per rent and red blood rolls 4,120,. 101). October -I, transfusion 
of 5 JO e.e. of blood was given. 

Third Operation . — Second stage Esthimler-.Sehede procedure. The same iueisiou 
was opened and carried higher ami posteriorly between the scapula and the poste- 
rior spinous processes. Portions of the tilth, sixth, ami seventh ribs with under- 
lying pleura were removed so as to complete the sauceriztition or undocking process 
over the entiie empyema cavity. Drains were inserted as tie fore and brought out 
through the dependent portion of the incision. The incision was partially closed. 
These drains were slowly- removed as the operative wound healed. 

Fourth Operation . — The Inst operation was done November 5. The phrenic nerve 
on the left was crushed above the clavicle. Following each removal of ribs ami 
parietal pleura the wound was covered with large dressings and snugly strapped 
with elastoplast to aid in the caving-in piocess of tin- chest wall. Microscopic ex- 
amination of the pleura removed at each operation showed no evidence of tuber- 
culosis, only scar tissue and inflammatory reaction. On November 25, or ST days 
following admission to the hospital, the patient was discharged with tin? wound 
practically healed. He soon returned to his former occupation, that of barber, and 
lias been free of symptoms since. 

Case 2. — A man, aged 49 years, was admitted to Lealti Home on Dee. 21, J DA". 
On Nov. 2, 1927, lie bad been operated upon elsewhere for acute appendicitis under 
general anesthesia and was discharged on Nov. l.'i, 1927. On Nov. 22, 192", while 
resting at home he had a severe attack of chills and fever with some cough, ex- 
pectoration, and night sweats, and also some pain in the left chest posteriorly. He 
had lost during this time sixteen pounds in weight. On examination there was 
dullness of the entire right upper lung anteriorly and posteriorly with bronchial 
breath sounds but no rales, and the loft lung was clear. Wassermnnn and Kalin 
were negative. Vrinalysis showed a trace of albumin. Blood count was til per cent 
hemoglobin with 4,200,000 red blood cells and a white count of 10,500. Sputum 
on eighteen examinations was negative for tubercle bacilli. Mantoux in the first 
dilution was positive. X-ray showed pneumonic infiltration with cavity in the right 
upper lung. On .Tail. 22, 192S, the patient was tluoroseoped and the right costo- 
phrenic sinus was seen to be obscured with development of early pleural effusion. 
This was aspirated on the following day and 50 e.e. of slightly bloody fluid were 
obtained, which showed on microscopic examination a 1,500 cell count, 70 per cent 
being polymorphonuclear cells. Culture was negative for acid-fast and other or<nm- 
isms. Following the pleural e (fusion the patient became much worse. He bc-aine 
extremely toxic with high septic temperature and blood count rising to 29,000 with 
S9 per cent polynuclear leucocytes. Another thoracentesis showed the development 
of a foul empyema. On Feb. 1, T9.2S, a portion of the tenth rib in the right poste- 
rior axillary line was removed and the empyema drained. Following this procedure 
and after several blood transfusions the patient’s condition improved considerably. 
There was still expectoration of about 1(10 e.e. of purulent material daily and the 
temperature was never fiat. The empyema cavity was irrigated daily but this was 
stopped when the patient began to expectorate fluid used for irrigating, proving the 
presence of bronchopleural fistula. On May IS, 193S, bronchoscopy was performed 
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Suomi 0 in > at mu . — First stage INtlandot Scheile procedure: The bi't '>tage " 
dune Oct. h, 1917, with e velopiopaiic aiiesthesi i. A mnul im i-ion w is made be 
ginning posterior to the angle of the scapula .mil extending ilonn anteriorly over 
the ninth rib to the nipple hue (Tig. 1). (buttons ot the eighth, ninth, and tenth 
nbs weie resected with the underlying pleura m> as to Mm eri/e completely the iovvei 
portion of the empyema unity (Fig 2). The upper part ot the < utfy lying imieath 
the scapula uas pithed with vaseline gau/e anil ruldiei tissue chains ulmdi were 
brought out through the loner part ot thg meision and the nmmd uas p irtially 
dosed. On Or toiler 11. transfusion of old ee of blood was gnen. Oi tobei lit, 
hemoglobin uas id poi tent and led blood tells 1,1 Jt),ai)f) Oi tobei til, traiistiision 
ot oJO t e ot blood uas given. 

Thud Opnuhon — Seioiul st ige inlander ,Si hede proieduie. Tie! same lie i.snm 
uas ojiened and tarried higher and posteriory betueen the 'capuli md the [eiste 
nor spinous proteges Portions of the tiftli, si\th, and seventh ribs with under 
King pleura were removed so as to template the s uueri/ ttion or nuclei King process 
oiei the entire empyemt eavity. Drains vveie inserted as befme md brought out 
through the dependent portion of the illusion The im i-mn uas p irtially < his <</ 
These drains were slowly removed is the operative wound healed 

Fouttk Operation — The last opeiation uas done November a The phrenic ueive 
on the left nas crushed above the clavicle Following evclv removal ot rvbs avul 
panetal pleura the wound was covered vutli large dies-mgs and snugly strapped 
with elastoplast to aul in the eating in process of the chest will. Mu rose opie e\ 
animation of the pleura removed at each operation showed no evnlenve of tubes 
i uluses, only hear tissue and liitlamm.itoiy reaction On November -l, or 87 du- 
follovving admission to tho lio-pital, the patient was dischiiiged with the wound 
pr.utually healed He soon returned to his former occupation, tint of harhei, and 
has been free of symptoms since. 

Cvse 2 — A man, aged 10 years, was admitted to Leaht Home on Doe 21, 19 17. 
On Nov 2, lb 17, he had been opei ited upon elsewhere for acute appendicitis under 
general anesthesia and u Its disclmrged on Nov 1!, 1017 On Nov, 2 i, 1077, while 
vesting at home he had a severe attach oi chill' mil fever with some cough, e\ 
pcctoration, and night sweats, and also some pun in the left chest posteriorly He 
had lost during this time sixteen pounds in weight On examination there w is 
dullness of the cntiio right uppei lung anteriorlv and pnstenoiU with bronchid 
breath sounds lint no rales, and the left lung was dear Wassermanu and Kahn 
were negative Frinalysis showed v trace of llbunun Blood count was tU per unit 
hemoglobin with 4,200,000 toil blood colls md a white count of 10,700 Sputum 
on eighteen examinations wa- negative foi tubercle bacilli M vntoux in tbe hrst 
dilution was positive N rav showed pneumonic infiltration nitli eavitv m the ri'dit 
upper lung On dan 22, 1*1 IS, the pitient was fluoroseoped and the right eosto 
phrenic sinus was seen to he obscured with development of earlv pleural eftusion 
This was aspirated on the following dav and .70 cm- of slightly bloodv fluid were 
obtained, which showed on microscopic examination a 1,700 cell count, 70 per cent 
being poll niorphonuelear cells Cultuie was negative foi md fast and other mgan 
isms Following the pleural effusion the patient became much worse He he- tine 
extiemelv toxic with high septic tempeiature and blood count using to 20,000 with 
S3 per cent pohnuclcar leueoev tes \nothei thoracentesis showed the development 
of a foul empvema On Feb 1, 107s a poition of the tenth ub in tile light poste 
noi axdlarv line was removed and the* empvenn chained Following tins procedure 
md aftei sever d blood transfusions the pitient's condition linpiovid c cmsuler ihlv 
Them w is still expei ten. itton of about 100 c c ol puiulent linteiial d nlv anil the 
tempeiatuie vv vs never flat The empvema eavitv was nugatod dadv but tins w is 
stopped when the patient began to expectorate fluid used foi iirigatui" proving the 
presence of bronchopleural fistula On May 18, 1978, bronchoscopy was pei formed 
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lho findings disclosed maiked hj pci emu of the entno ti. iditobiomln.il tico with 
pus coming tiom the right uppei lobe bionchus but no evidence of neoplasm Be 
cause of his mteinuttent high elevation of temperatuie -md failure to improve, 
lipiodol was instilled into the chest wall sinus X raj showed a smus leiding posteio 
medially and fei minuting in a large pocket A second opeiation was done on June 
-,9, 193S, at which time resection of the eighth and ninth ribs posteuoilv was done 
and the entire empjema cavitj was laid open and packed Following this open 
tion and anothei blood tiansfusion the patient’s condition impioved and his tem 
peiatuie dropped to noimal A right peiinanent phreiucectonn was pei formed on 
July 16, 193S, in an attempt to obliteiate the empjema cavity and the bionclio 
pleuial fistula Positive sputum foi tubeiculosis was obtained on sevei ll on i 
sions- on Jan 10, 193S on guinea pig inoculation, Maj IS, 101S, on bionchid 
smear taken dunng bronchoseopv, and one sputum cultme Micioscopic station of 
the removed pleuia levealed one tvpical tubeicle 

At piesent the empjema cavity has been completeh obliteiated and tlie extern d 
incision has healed The final conclusion was that this individual hid suflcied from 
(1) abscess of the lung on the light which mptured into the plemu and c lused his 
empjema, and (2) pulmonaiy tubeiculosis with secondaij involvement of the pleura 


Case 3 —A gul, aged 10 jears, first tame undei my caio on Julj 25, 19 n ,S She 
had been opeiated upon tin ee times, elsevvheie, foi diamage of a right empjemi 
which presumablj followed pneumonia Examination revealed an obviouslj sick r 
debilitated child with a diaming eiiipjema cavitj X laj showed a large enenp 
sulated empjema cavitj over vvluch extensive ieseetions had been done of portions 
of the fifth, sixth, seventh, and eighth ribs Without going into the uninteresting 
details of the conduct of this case, which coveied a period of tin co vears and in 
volved fifteen additional operative piocedures, the points of greitost liiteicst ami 
of practical value will be bnefly discussed 

No evidence of tuberculosis could be found in x ravs of the ihesf, smells and 
culture of the discharge, or in sections of pleuia and lung subsequentlv exusul 
Examination showed bronchial fistulas brought out when the patient w is islud to 
hold her nose and blow, and this was continued b\ migntion with Dikm’x solution 
and subsequently at opeiation The patient’s geneial condition was improved bj 
tiansfusion, administration of vitamins, and othei supportive incisures 


As a hrst proeeduie moie dependent dunnage was instituted and while this 
diminished the amount of discharge, it continued huge ueis of tliukemd p metal 
pleura and ribs were resected but due to mobilitv of the mediastinum, the In irt 
and other mediastinal struvtuies moved over into flu lift chest iml the empveni i 
cavitj persisted The phrenu nerve was tempor irdv piralv/ed md suliscquentlj 
removed, and though this diminished the si/e of tin nvitv fiom below upwards it 

persisted and continued to pour out purulent disc huge Ifioiic hos, epic md hrem 

eho'T.iphic examinations were done and it w is < one huh cl tbit lnom Inn tasis phis 
lu n" infection was contributing to the persist! nee ot the enqueue i The it mm el 
of the two lower lobes, or at least the portion containing the breme lull fistulis 
seemed advisable Meinvvlule, due to the pitiint s voutli postui d tlungis be „ m 
to occur and the subsequent seobosis resulted ill the chest liieoming vtrv eUtormeel 
Tl Ills been greatlv improved ane! pievnite.I fimn develequng lurtlier bj br i. e s 

1 US t at ren u>v al of the leiue r loin- n-ultnl in e irlv onset ol sins k so diet this 

Attemp ^ ^ irru , (1 out jnminv -tig<s Euh spe.muu of the lung ti-siie renioveei 
had to 5 1 , t f, , r ,„l 1( | mil denude. I . pith, hum mid multiple nems|e.i/n 

Tl ,■ 

,l , ' ,LL . , it 0 t the involved lung the impviiiii e uelv le i- Idle el in «»i<l 

With remove ° ! been left with a mu h •kfunuul thorax 

healed but the nvdivulud 
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These three cases are cited in order to illustrate the usual types of 
chronie empyema which one may encounter. The first ease was one in 
which the pleural cavity alone was involved, and, no doubt, had early 
adequate dependent and more continuous drainage heen instituted, 
would have healed without becoming chronic. The second ease probably 
resulted from the rupture of a lung abscess into the pleura and was 
complicated by pulmonary tuberculosis which, fortunately, responded to 
more conservative treatment than does the usual ease of tuberculous 
empyema. The third individual represents the most serious type of 
nonspecific pleural infection. The empyema, no doubt, would have 
healed by conservative measures had it not heen continuously rein- 
fected by the underlying lung involvement. 

In conclusion, I wish to emphasize the fact that there is an optimum 
time for operating upon infections involving the pleura and that when 
an adequate operation is done at this time there is little likelihood of 
the empyema becoming chronic. 

When an empyema does become chronic the methods of procedure to 
determine why this has occurred are discussed and finally three repre- 
sentative ease histories have heen cited to illustrate various methods of 
dealing with various types of chronic empyema. 
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A NEW PROCEDURE FOR HIGH-FREQUENCY" COAGULATION 
Ruben R. Flobes, ALT),, Puebba, Mexico 

(irom the Division of Xcuroloyietd Surgery, Department of Surgery, the dniraxity 
of Rochester School of Medicine and Dentistry, Rochester, X. Y.) 

j 'HE object of this report is to describe a method which may be used 
-l to advantage when it is necessary to produce hemostasis by coagula- 
tioxi, either in special or in general surgery or in experimental surgery 
on animals. In the usual procedure the- surgeon grasps the blood vessel 
with a forceps, after which an assistant touches the forceps with the 
electrode from the high-frequency machine, the foot switch of which is 
operated by another assistant or nurse. With such an arrangement (he 
surgeon lacks complete control over the manipulation, the delicacy of 
which must often be of a high order. Furthermore, the assistant may 
obscure the held of view at a time when obscurity is least desirable. 

All of the above difficulties are avoided by the new procedure which 
entails the use of an easily detachable clip which is slipped over the 
upper end of the forceps that is to be used in the coagulation, the clip 
being connected to a wire leading from the high frequency machine. 
In our case the clip consists of a small piece of spring brass which was 
milled to take our particular forceps and bent as shown in Pig. 1. A 
tapered socket was made from the hilt of an old hypodermic needle ami 
soldered into the brasselip. A tapered plug was made to fit this socket 
and the wire soldered to this. The wire can therefore be disconnected at 
any time and the forceps used in a purely surgical manner. A special 
clip may he designed to fit any type of forceps or clamp which it may 
be desired to transform into a coagulating electrode without damage to 
the instrument. The small radio “alligator” clip may be adapted to 
connect the high-frequency current to odd-shaped clamps. 



C. ic 1 Forceps ami connections for Idsli-frequency cumulation : «. forceps t>. 

■w-u-lvLbie clip: c, pillar which is soldered to wire lit) and inserted into socket <“> 
clip (6) t < l . "’ire leading- from high frequency machine. 

In order to coagulate a blood vessel, the .surgeon merely grasps the 
vessel with the forceps and he or another person presses the foot switch. 
Thus there is avoided the crossing ami interference with the operative 
fields bv a second person, as well as the danger of moving or displacing 
. coagulating electrode when the contact is made in flic customary way 
! C C em ” u .ol of the coagulation is, therefore, directly in the hands of the 
1 10 ' mid an assistant is not necessary. Furthermore, the time spent 
surgeon, < ‘ , ; (u om .-]i;df or less, and the loss of Idood is kept 

in coagulating is i«-u 

at a minimum. 

"mccived for publication. Sold- »»«=■ 
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Editorial 


International Society of Snrgery 

T HE International Society of Surgery, the greatest international sur- 
gical organization in the world, has transferred its headquarters 
from Brussels, Belgium, to the United States. This action was taken 
by a vote of the delegates ot' all of the affiliated societies of the Americas, 
representing Argentina, Brazil, Canada, Cuba, Ecuador, Guatemala, 
Mexico, Paraguay, Peru, the United States, Uruguay, and Venezuela. 
Headquarters of the Society will be in the Inter-America Division of 
the New York Academy of Medicine in New York City. 

Dr, Rudolph flatus, of New Orleans, immediate past president of the 
International Society of Surgery and who at the present time is acting 
secretary and treasurer of the Society, slated in explaining the need 
for the change in headquarters: “The German occupation of Belgium 
and the Nazi devastation of tire rest of Europe and all the other war- 
torn, ruined nations had virtually restricted the international relations 
of the Society to the Western Hemisphere where its fellowship is widely 
spread through its affiliated brandies in North, Central, and South 
America. The executive committee of the United States division, the 
largest, most active contributor to its transactions, felt it a duty con- 
jointly with their Latin American colleagues to rescue the Society out 
of the perils of the European conflagration. The first steps were taken 
in November, 1941, at Boston, but no final action could be taken to 
transfer the official sanctum in Brussels to America without the con- 
currence and approval of all the affiliated branches in America.” 

The executive committee which has been chosen is as follows: Dr. 
Elliott C. Cutler, Colonel, Medical Corps, U. S. Army, chairman in ab- 
sentia; Dr. Rudolph Matas, acting secretary and treasurer; Dr. Eugene 
Pool; and Dr. Arthur W. Allen. At a recent meeting of the executive 
committee on Nov. 12, 1942, it was decided that Dr. Jose Aree, dean 
of the University of Buenos Aires, would serve as acting president of 
the International Society of Surgery in the absence of Professor L. 
Meyer, of Brussels, detained in Belgium by Nazi compulsion. At this 
meeting a revision of the constitution was adopted, which had been pre- 
pared previously by Dr. Matas of New Orleans. 

It is of significance, particularly at this time, that the headquarters 
of the International Society of Surgery will be in the Inter-American 
division of the New York Academy of Medicine, where Dr. Enrique 
Cervantes, assistant secretary and treasurer of the executive committee, 
who is the editor of America Clinica, lias his offices. America Clinica 
will be the official journal of the Society, so that Dr, Cervantes will be 
able to give particularly valuable service not only to the North American 
hut also to the Central and South American members of the society. 

—Alton Ochsner, 3LD. 

Orleans, La. 
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Truttni' ut . — The treatment of amebic hepatic infection is entirely 
surgical, although it should he realized that this may consist of either 
conservative or radical measures, depending upon certain developmental 
factors. As previously stated, the obvious rationale of this principle 
is based upon the fact that early recognition of an amebic hepatitis and 
the institution of conservative measures during this presuppurath e 
st au r e may prevent progression to actual abscess tormation. Moreo\ ei, 
even in cases in which early abscess formation has occurred, conserva- 
tive measures are frequently sullieient to effect complete resolution. 

The term conservative therapy is used to signify the administration 
of the specific dnur emetine hydrochloride, with or without aspiration, 
depending upon the presence of indications for the latter. In early cases 
of amebic hepatitis, utilization of emetine alone may be sufficient 
(Case U. More recently (;reig u " 1,T and Sarmiento 339 have directed at- 
tention to tlu* importance of this fact. In other eases, however, a tme 
abscess has apparently developed which requires in addition to the 
emetine, evacuation of its contents by aspiration (Cases 2 and 3). It is 
for this’ reason that Rogers and Megaw 326 - 329 have emphasized the im- 
ortance of recognizing these hepatic complications as early as possible. 
These facts are clearly demonstrated by Cases 1, 2, and 3 reported in 

this communication. ... 

, 1911 Tedder 339 - 361 undoubtedly made one of the most important 

, ” ps m the therapeutic consideration of amebiasis with the intro- 
, ‘ f pmotine Perhaps of equal significance was its subsequent 

amebic hepatitis by Rogers . 32 - 23 Of interest in this 
popuhuizauo Hnard and associates 321 that it was used by 

connection th iv years earlier. Magendie and Pelletier , 229 in 1817, de- 
Florencc n a ii ca l 0 id in ipecacuanha which is the dried root 

scribed emetme ^ ^a. 4 decoction of this root, which was origi- 

of Psyehotria ipeea ‘ s j nee been cultivated in India and other 

nally found in Brazil 
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regions, was long used by the natives in the t veal men t oi diarrhea and 
dysentery. Rogers and Megaw 3 - 1 ’ state that its therapeutic use was in- 
troduced in India as early as ttiWl although Us popular usage did not 
begin until about the middle of the nineteenth venture, lie Savignae,- 
in 1863. demonstrated that the therapeutie efficacy of ipecac in amebiasis 
depended upon its alkaloid eontent which included principally emetine, 
eephnlin, and psyrhotrine. Of these, the most powerful umebieide is 
emetine. The powerful amehieidal action of emetine was demonstrated, 
in 1012, by Vetldcr 3W * :1> -‘ who found that amehae in vitro are killed 
readily by a solution of 1 to 100.000 dilution. Rogers' 131 ' 3 - 1 iu the same 
year, reported the excellent results that may be obtained with this drug 
in the treatment of amebic hepatitis. Of historical interest in this con- 
nection is the fact that Maclean, as early as 1871, had directed atten- 
tion to the value of ipecac in acute hepatitis and in preventing abscess 
formation. In 1913, James 1 * 3 demonstrated by careful experimental 
studies that emetine produces degenerative changes in the amelia and 
that the beneficial died of the drug is due to its direct action upon the 
parasite. Subsequent investigators have corroborated these find- 
ings. 1 ' 1 -' 303, 3i,i However, as shown hv Craig/ 1 ' ^ whereas the drug de- 
stroys the trophozoites even iu great dilutions, it does not destroy the 
cysts except iu quantities which cannot he administered safely. For 
this reason it is not the most effective drug in iniestinal amebiasis. <Jn 
the other hand, in amebic hepatitis and hepatic abscess incontrovertible 
evidence has demonstrated that it is the drug par excellence. 

The demonstration by Rogers, 1 -" approximately three decades ago, 
that the mortality rate was decreased from 5(>.8 per cent to 14.4 per cent 
bv the use of emetine and aspiration formed an important landmark in 
the therapeutic consideration of amebic hepatitis and hepatic abscess. 
Numerous observers subsequently confirmed his observations. , -' i In 

1917, Allen 2 reported that the admission rate for liver abscess fell from 
2.4 to 1.4 per thousand troops, and the death rate from 1.3 to 0.4S per 
thousand within two years after adoption of ipecac by the British Army 
in India. Recently SpitteF 5 * reported a 73 per cent reduction in the 
incidence of liver abscess in the British Army and attributed this to the 
institution of early and adequate emetine therapy and to routine stool 
examinations. At present, it is the consensus of mast authorities that 
emetine hydrochloride is the most valuable drug in amebic hepatic in- 
volvement and even large abscesses may completely disappear under 
emetine therapy alone. 329 As previously emphasized by us, every ease 
of suspected amebic hepatitis or amebic abscess should he given the ad- 
vantage of a course of emetine therapy before any other procedure is 
used unless rupture of the abscess appears imminent. In many cases, 
especially in those with early small abscesses, no other therapv will be 
required (Case 1). However, in the majority of eases it has been our 
experience that evacuation of the abscess contents will be nec-essavv 
( Cases 2 and 3). 
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liu* signilirancr of Rogers' cmilrilmtion is belter appreciated by a 
Iti-’torical consideration of the treatment of hepatic abscess. In 
1^-b), .Matas' 1 presented a succinct review of this subject and divided 
the history oi treatment ol liver abscess into three "rent periods: (1) 
'•'I’lie purely medical period, during which the evacuation of tiie 
purulent collection was allowed to take place spontaneously.” The mor- 
tality during this period, which embraced the history of medicine up to 
the sixth decade of the eighteenth century, was HO per cent. (2) "The 
second epoch in the history of hepatic abscess may be said to be limited 
to tin.- short period trom lHb’O to the early ’70’s, during which the early 
exploration with the aspirator gradually became the rule of practice, 
to he lollowed by repeated explorations and finally cautious opening 
with trocars or caustic pastes or by means of small incisions.” (3) 
"The third period . . . begins with the ’70s, when the Listcrian dis- 
covery made the surgeons ladder in opening the peritoneal and pleural 
cavities in the ett’ort to evacuate the abscess early.” During this period 
the trocar "gradually yielded to the knife” and the '‘rule of surgical 
practice” consisted of "immediate evacuation by free incision regardless 
of situation or quantity of pus. . . That t ho mortality during this 
period was still very high is shown by Matas’ report of 1S2 eases ad- 
mitted to the Charity Hospital in New Orleans during the ten-year 
period, 1884 to 1S!)4, with 87 (or 42.50 per cent) deaths. Thus, Rogers’ 
epochal contribution may be considered as inaugurating the fourth and 
most important period in the treatment of amebic hepatitis and hepatic 
abscess. 

The drug is preferably administered subcutaneously as emetine hydro- 
chloride in daily doses of 0.06f> Cm. (1 gr.) until 0.39 to 0.65 Gm. 

(6 to 10 gr. ) have been given. Because of its toxicity in excessive 
dosages and its cumulative action the noxious effects of this drug should 
lie realized and considerable care exorcised in its use. Experimental in- 
vestigations have shown that it is essentially a protoplasmic poison with 
an apparent selective action on muscle. 57 ’ 1I0, 405 The danger of adminis- 
tering the drug in excessive dosage or over prolonged periods is in- 
dicated by tlie pronounced degenerative changes produced in cardiac 
musculature. Clinical manifestations of its toxicity consist of severe 
diarrhea, nausea and vomiting, profound prostration, cardiac ar- 
rhythmia and failure, muscular pains, and weakness especially in the 
>\t realities. According to Leake, 207 the maximum amount of emetine 
tint, should be given over any period of time should not exceed 10 mg. 
tv. <n- ) per kg. of body weight. Accordingly, for a patient weighing 
l5 pounds (about 6S kg.) this would be about 0.65 mg. (10 gr.). Other 
1 1 ■ • les such as acetarsone, carbarsone, treparsol, chiniofon (anayo- 

amen tl ’en), viofomi, and diodoquin which are safer and more 
dm anc . treatment of intestinal amebiasis are not considered de- 
efficient m i 0 f amebic hepatitis and hepatic abscess because 

sirable m 1 1 . j n these conditions as emetine and because, as 

they are not as eitecuv 
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shown by Leake, 203 they are Unde to the liver. However, immediately 
following completion of therapy of the amebic hepatic condition the 
patient should be given a course of therapy tor the intestinal amebiasis. 
Whereas frequently this cannot he demonstrated clinically, it should 
be assumed to exist once the diagnosis of amebic hepatitis and hepatic 
abscess has been established. Moreover, the therapy employed for the 
latter should not be considered adequate for the treatment of the in- 
testinal infestation. For this reason a separate and different type ot 
therapy should be employed for the intestinal amebiasis. 

Aspiration is the procedure of choice in eases in which evacuation of 
the abscess; becomes necessary. In these eases, however, it should be 
realized that the preliminary administration of emetine is important. 
In the Tnlane Surgical Service, emetine hydrochloride is administered 
routinely in these eases in daily doses of 0.065 fim. (I gr.) for two or 
four days preceding the aspiration. Because the majority of amebic 
hepatic abscesses are sterile and because of the prognostic and thera- 
peutic importance oi this fact every attempt should be made to maintain 
this sterility. The evacuation of these abscesses by open drainage is 
invariably followed by secondary infection and the morbid consequences 
of this development have been previously emphasized. It is possible to 
evacuate the abscess and simultaneously maintain its sterility only by 
closed drainage. In the discussion under prognosis, the contrasting mor- 
tality obtained by the two methods convincingly demonstrates the ob- 
vious advantages of closed drainage. It will be recalled that in our 
series of cases open drainage was used in SO with a mortality of 22.1 per 
cent and conservative therapy in S3 with only three deaths, a mortality 
incidence of only 3.6 per cent (Graph XIII). Of interest also is the 
fact that aspiration was performed without preliminary emetine in two 
of these three fatal eases and within a relatively short period of time 
following the procedure the patients developed manifestations of shock 
and died. The other patient was treated with emetine and anayodm 
on the medical sendee for almost three weeks and no attempt made to 
drain the hepatic abscess. At autopsy a huge hepatic abscess measuring 
approximately 20 cm. in diameter was found in addition to several 
smaller abscesses. We are firmly convinced that these three tragedies 
could have been averted, the first two by the preliminary administration 
of emetine and the third by aspiration of the abscess in addition to the 
use of emetine. 

As previously emphasized, the procedure of aspiration should be 
performed in the operating room because the facility and reliabilitv of 
strict asepsis are probably greater and because open drainage can be 
done immediately if the abscess is found to be secondarily infected. 
This may be determined readily by an immediate smear of the aspirated 
pus which in secondarily infected cases would reveal upon microscopic 
examination the presence of large numbers of bacteria and leucoeytes. 
The technique of aspiration has been described above and the procedure 
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is performed in a similar manner I'ur both diagnostic and therapeutic 
purposes (Fins. 'I'l, tid, '24). Tim adminisl ration m' emetine should he 
continued after dosed drainage of the abscess until ().:!!) to 0.65 Clin, 
(ti to 10 ~r. ) have heen given. As previously stated by ns, it is con- 
sidered unnecessary as well as undesirable to introduce any substance 
into the abscess cavity as the use of irrigaling solutions of nmcbicidcs 

has been found to be valueless. "" 

Open drainage is usually necessary in secondarily infected cases as 
demonstrated by smear and culture, of interest in this connection is 
the recent report of Alport and tilmliougui 1 on the successful use of 
siiltonamides in a ease of amebic hepatic abscess secondarily infected 
with Hucilhts i»jni ikiiii us. Accordingly even in the presence of sec- 
ondary infection dosed drainage was successfully employed. It is pre- 
sumed that this was permitted by the use of sulfonamides. This is a 
promising development and if by this means it will be possible to employ 
dosed drainage even in tin* secondarily infected cases the prognosis will 
be materially improved. Whereas this can lie determined only by 
further experience, the sulfonamides should certainly he applied in all 
eases of secondarily infected amebic hepatic abscess. However, if open 
drainage becomes necessary it is imperative to institute that type of 
drainage which completely avoids the slightest possibility of contamina- 
tion of the two virgin serous surfaces, i.e., the pleural and the peritoneal. 
In previous publications this phase of the subject was considered and 
the literature reviewed."' 1 ' In general the two types of drainage 
procedures which can be employed are transthoracic and transabdomi- 
nal, either through a transserous or an exiraserous approach. The trans- 
thoracic procedures were originally developed for the purpose of drain- 
ing pyogenic abscesses of the liver or subphrenic spaces. In 1SS3, 
Trendelenburg- 1 " suggested this procedure and avoidance of contamina- 
tion of the pleural cavity was attempted by suturing the costal and dia- 
phragmatic layers of the pleura together. Several modifications 220 * 220 
of this procedure were subsequently advocated and of these probably 
the most popular is that of Beck 13 ’ 1,1 who suggested, at. the fii-st stage 
operation, suturing the eostophrcnic pleural reflection and packing the 
wound for forty-eight hours with gauze impregnated with an irritative 
substance to produce adhesions, and at the second stage, incising through 
this area. Others 109 * 2n * 243 ’ 246 ’ 29l! ’ 302 have also attempted mobilization 
of the costophrenic angle upward, but as stated by Brown 32 this is fre- 
ucntlv not satisfactory because of the firm adhesions resulting from the 
inflammatory reaction. As previously emphasized 231 such procedures 
•e not only unnecessary, often unwarranted, frequently difficult, and 
tively dangerous, but in many instances definitely inadequate in 
CC m t'n" the 'virgin pleural cavity against invasion. The trans- 
l n ’°. ^ method of approach has similar disadvantages because it also 

peritonea , - nat ; on 0 f uninvolved portions of the peritoneum. This 
permits co i „j ias j ze d by graphic demonstrations of the contrasting 
is torceiunj t 
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mortality statistics of the transserous and extraserous methods of drain- 
age (Graph XV). Of 47 eases drained tvanspleuraliy, 7 had serious 
pleural involvement as determined hy autopsy. OE the 7 deaths in the 
group in which patients were drained transperituuoally (5 developed 
generalized peritonitis and one died of spinal analgesia on the operating 
table. The one death in the group of patients drained extrascrously 
has been described previously. This patient had multiple liver abscess 
with secondary infection and, following a second operation to drain 
other abscesses, developed pneumonia and died. 

These facts demonstrate clearly the surgical rationale of the important 

principles, thoroughly appreciated over forty years ago, 1 ' -1 

that drainage of such abscesses should he performed in such a manner 
that contamination of the pleural and peritoneal cavities is completely 
avoided. This may be accomplished best by an extraserous anterior or 
posterior approach, depending upon the location oE the abscess. Accord- 
ingly, in those located anteriorly, the procedure described by Clairmont 
and Meyer' 5 - for drainage of subphreme abscess should he employed. 
This consists briefly of making the skin incision just beneath and parallel 
to the costal margin, traversing the oblique muscles and transversaiis 
fascia, and approaching the abscess exf raperitoneally by carefully 
mobilizing the parietal peritoneum from the lower surface of the dia- 
phragm. 

In posteriorly located abscesses, on the other hand, the retroperitoneal 
approach previously described by us*“° is considered the most rational. 
This consists briefly in subperiostcally resecting the twelfth rib and 
entering the retroperitoneal space through a transverse incision made 
at the level of the spinous process of the first lumbar vertebra in the bed 
of the resected rib. The liver abscess is approached extraserousiy by 
carefully mobilizing the parietal peritoneum from the undersurface of 
the diaphragm. The comparatively low mortality of 6,6 per cent, i.e., 
only one death, in 15 cases of our scries in which this procedure was 
employed convincingly demonstrated its value. 

As previously stated in secondarily infected amebic hepatic abscess 
that is pointing, extraserous drainage may he done simply by incision 
over the point of greatest localization. Such a procedure in these cases 
becomes extraserous because the abscess has become walled off from the 
peritoneal cavity by involvement of the abdominal parietes. This 
method of drainage was possible in 19 of our cases, with two deaths, a 
mortality of only 10.5 per cent. The inadequate admission of emetine 
is believed to have been an important contributory factor in the death 
of these two patients. As previously emphasized, emetine therapy is 
just as important in eases requiring open drainage as in those in which 
elosed drainage is used, and should be instituted in a similar manner. 

It should be realized that following treatment of the amebic hepatic 
involvement it is essential to eliminate the intestinal infection. Failure 
to do this probably accounts for many recurrent abscesses. Since 
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emetine is not satisfactory for tins purpose, other amebickles such as 
ana> odin or diodoquin should be employed. The comparative value of 
these various amebieides is beyond the scope of this presentation ami 
have been considered elsewhere. 9 -’ 1 -' !r ’ 

Complications. — The complications of amebic hepatic abscess consist 
essentially of secondary infection with pyogenic organisms, direct ex- 
tension or rupture of the abscess into one of the adjacent viscera or 
serous cavities, and thrombosis and embolism. Their occurrence usually 
signifies negligence or procrastination on the part of the patient hut 
occasionally reflects the physician’s mismanagement. Thus, the develop- 
ment of peritonitis or empyema following that type of open drainage 
which does not completely avoid contamination of these virgin serons 
surfaces is obviously not due to the patient's disregard but is an example 
of the latter possibility. Moreover, lack of recognition of the condition 
sufficiently early undoubtedly accounts for the development of some 
of the complications. This is usually due to the absence of its considera- 
tion. 

Pleuropulmoimry involvement undoubtedly comprises the most fre- 
quent complication. In the majority of eases this is the result of either 
rupture or direct extension of the liver abscess through the diaphragm. 
Only a succinct discussion of the pertinent features of these complica- 
tions will be given here as they have been extensively considered by us- 5 ° 
in a previous publication. The incidence of pleuropulmonary involve- 
ment in amebic hepatic abscess varies considerably according to different 
observers. Thus, the low incidences of 3 and 3.1 per cent reported by 
Strong 361 and Harris, 156 respectively, are in direct contrast with the 
unusually high figures of 40. S and 5S.S per cent recorded by Thompson 370 
and Thierfelder, 3u0 respectively. In a collected series of 2,400 eases of 
amebic hepatic abscess pleural complications occurred in 198 (or 7.5 per 
cent) and pulmonary complications in 209 (or S.3 per cent).-’ 0 Tims, 
the combined incidence of pleuropulmonary complications was 15.8 per 
cent. In the previous series of 139 eases analyzed by us a similar in- 
cidence was obtained. 237 In the move recent series of 42 eases there were 
5 cases with these complications. 255 Thus, in the total series of IS1 
cases, pleural complications occurred in 9 (or 5 per cent) and pul- 
monary in 17 (or 9-4 per cent) giving a total incidence of 14.4 per cent 
(Graph XVI). the 26 eases with pleuropulmonary involvement 8 
( r 30 7 percent) developed bvonehohepntie fistula, 9 (or 34.6 per cent) 
empvema, and 9 (or 34.6 per cent) pulmonary abscess. 

Pleuropulmonary amebiasis is occasionally due to systemic invasion 
1 most commonly results from direct extension of an amebic hepatic 
- "Whereas it is doubtful whether primary infection of the lung 
abscess. anR ‘ ce a C nt infection of the bowel ever occurs, pulmonary 
withou a resulting from invasion of the systemic circulation ap- 

metastatic - rart .p-. Examples of tin* former possibility include 
patently < o Qt ^!' ain ^ ) i ( .’ bronchitis and pneumonitis reported by several 
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observers. 45 ' The occurrence of plenropuhnoimry amebiasis resulting 
from systemic invasion by the amcba is convincingly demonstrated by 
the recent report of Girgis 139 who described two fatal cases of multiple 
amebic abscesses of the lung associated with multiple liver abscesses and 
active amebic dysentery in which the “whole series of events, . . . , 
including both the gross and histologic findings, may be taken as strong 
evidence for blood-homo amebic infections of the lungs from the liver 
through the right side of the heart to the lungs where we have actually 
found entamoebae in the emboli contained in the pulmonary arterial 
branches as well as in the abscess cavities.” Cantlic, 10 * in 1904, had 
directed attention to the possible embolic origin of some amebic lung 
abscesses. It is the consensus of most authorities, however, that pleuro- 
pulmonarv amebiasis is most commonly the result of direct extension 
from an amebic hepatic abscess and follows usually perforation through 
the diaphragm but rarely transphrcnic immigration via the lymphat- 
ics. 213 The location and virulence of the amebic hepatic infection prob- 
ably explain the frequency of pleural and pulmonary complications. 



Graph XVI.— ~ Relative incidences of various complications in authors' cases of amebic 

hepatic abscess. 

The majority of amebic hepatic abscesses develop near the convex sur- 
face and in the posterior portion of the right lobe. As the abscess en- 
lai-ges the adjacent diaphragm becomes incorporated in the wall of the 
abscess facilitating its extension into the thoracic cavity. Involvement 
of the pleural cavity or lung parenchyma is probably influenced by the 
acuteness or chronicity of the hepatic process. Accordingly, an abscess 
which develops slowly is likely to produce an accompanying pleurisy 
with adhesions which would tend to obliterate the pleural cavity and 
thus permit rupture into the base of the right lung (Case 4). On the 
other hand, if the abscess progresses rapidly the preceding pleural reac- 
tion may not be sufficiently extensive to produce obliterating adhesions 
and the abscess ruptures into the pleural cavity (Case 5). Not infre- 
quently rupture into the lung parenchyma produces a bronchial fistula 
and the abscess contents are evacuated by coughing (Case 4). 
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emetine is not satisfactory for this purpose, other amebieides such as 
anayodin or diodoquin should be employed. The comparative value of 
these various amebieides is beyond the scope of this presentation and 
have been considered elsewhere. B2 > 237 - 2J1> 2Sa 
Complications. — The complications of amebic hepatic abscess consist 
essentially of secondary infection with pyogenic organisms, direct ex- 
tension or rupture of the abscess into one of the adjacent viscera or 
serous cavities, and thrombosis and embolism. Their occurrence usually 
signifies negligence or procrastination on the part of the patient but 
occasionally reflects the physician’s mismanagement. Thus, the develop- 
ment of peritonitis or empyema following that type of open drainage 
which does not completely avoid contamination of these virgin serous 
surfaces is obviously not due to the patient’s disregard but is an example 
of the latter possibility. Moreover, lack of recognition of the condition 
sufficiently early undoubtedly accounts for the development of some 
of the complications. This is usually due to the absence of its considera- 
tion. 


Pleuropulmonary involvement undoubtedly comprises the most fre- 
quent complication. In the majority of cases this is the result of either 
rupture or direct extension of the liver abscess through the diaphragm. 
Only a succinct discussion of the pertinent features of these complica- 
tions will be given here as they have been extensively considered by us 2S0 
in a previous publication. The incidence of pleuropulmonary involve- 
ment in amebic hepatic abscess varies considerably according to different 
observers. Thus, the low incidences of 3 and 3.1 per cent reported by 
Strong 301 and Harris, 130 respectively, are in direct contrast with the 
unusually high figures of 40.S and 5S.S per cent recorded by Thompson 370 
and Thierfelder, 303 respectively. In a collected series of 2,490 cases of 
amebic hepatic abscess pleural complications occurred in 19S (or 7.5 per 
cent) and pulmonary complications in 209 (or S.3 per cent). 2S0 Thus, 
the combined incidence of pleuropulmonary complications was 15.S per 
cent. In the previous series of 139 cases analyzed by us a similar in- 


cidence was obtained. 287 In the more recent series of 42 cases there were 
5 eases with these complications. 230 Thus, in the total series of 1S1 
cases pleural complications occurred in 9 (or 5 per cent) and pul- 
monary in 17 (or 9.4 per cent) giving a total incidence of 14.4 per cent 
(Graph XVI). Of the 26 cases with pleuropulmonary involvement S 
(or 30 7 per cent) developed bronchohepafic fistula, 9 (or 34.6 per cent) 
empvema, and 9 (or 34.6 per cent) pulmonary abscess. 

Pleuropulmonary amebiasis is occasionally due to systemic invasion 
1 most commonly results from direct extension of an amebic hepatic 
l Whereas it is doubtful whether primary infection of the lung 

abscess auteC edent infection of the bowel ever occurs, pulmonary 
vvithou c ‘ resulting from invasion of the systemic circulation ap- 
metastatic lesions Ex;unplcs of th c form ,. r possibility include 

parently to amC bie' bronchitis and pneumonitis reported by several 
cases of prnnai} 
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grams with its base towaiil the liver and its apex extending toward 
the id him of the lung (Figs. 11 to In). There is also an increased 
density in the lower lung field. In eases in which the hepatic abscess 
ruptures into the pleural cavity the roenfgenographie picture is that of 
pleural effusion (Figs. IS to 20). By the use of such contrast sub- 
stances as iodized oil introduced into the trachea a bronehohepatic 
fistula may he readily visualized in the roentgenogram (Fig. l()). !s ' J 

The diagnosis of these complications is usually not difficult if the 
condition is considered. In addition to the characteristic pulmonary 
manifestations, evidence of hepatic involvement is usually present. Be- 
cause of the frequent ehronicity and the presence of bloody sputum the 
condition is likely to he confused with tuberculosis. It should he real- 
ized, however, that whereas a tuberculous lesion most commonly occurs 
in the apex, in amebic involvement the lesion is generally at the base 
and associated with hepatic involvement. -Moreover, sputum examina- 
tion should exclude tuberculosis and the demonstration of amebao should 
establish the diagnosis. The diagnosis may he suspected further by the 
characteristic roenfgenographie findings (Figs. 11 to 15, and IS to 
20). The expectoration of characteristic chocolate-sauce pus is pathog- 
nomonic (Case 4-). In the cases with pleural involvement aspiration 
of the pleural cavity usually reveals the pus (Case 5). 

The prognosis in these complications is influenced by several factors 
including the type of involvement and therapy employed. The prog- 
nosis is worse in those eases in which the hepatic abscess ruptures into 
the pleural cavity and is best in those in which a bronehohepatic fistula 
develops with minimal pulmonary reaction. Moreover, in t lie latter 
eases the prognosis is not as good in those in which a small communica- 
tion with the bronchus and a great lung reaction exist as in those with 
a large communication which permits rapid evacuation. 252 In the former, 
type of incomplete evacuation and the presence of secondary infection 
increase the gravity of the condition. The prognostic iniluence of the 
type of involvement is clearly demonstrated by respective mortality 
rates. Thus, in the collected cases the mortality was 77.7 per cent in 
the liver abscess with empyema and 43.2 per cent in liver abscess with 
extension into the lung, whereas it was only 10 per cent in liver abscess 
with bronehohepatic fistula. This contrast is even more pronounced in 
our series of 26 cases. Whereas of S eases with bronehohepatic fistula 
none died, of 9 cases with empyema 6 (or 66.6 per cent) died and of 
9 eases with lung extension 2 (or 22.2 per cent) died (Graph XVII). 
The total mortality in our series was 30.S per cent which is somewhat 
similar to that (28.5 per cent) reported by Huard and Mcyer-Mav K4 in 
their series of 21 eases. The prognostic significance of the type of ther- 
apy is demonstrated by the fact that in the collected series the mor- 
tality was 56.1 per cent in those not receiving emetine and 9.1 per cent 
in those treated with emetine. These respective figures in our series 
were 60 per cent and 0. The treatment of these pleuropulmonary com- 
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In a previous publication \vc 2SU presented a review of the literature 
and an analysis of 153 collected and 15 personal cases of pleuropul- 
monary amebiasis. Based upon this study pleuropulmonary amebic in- 
fections were classified into five types depending upon their gross patho- 
logic characteristics: (1) hematogenous pulmonary abscess without 
liver involvement (14.3 per cent of the collected cases and none of the 
authors were of this type); (2) hematogenous pulmonary abscess and 
independent liver abscess (10.4 per cent of the collected cases and none 
of the authors’ were of this type) ; (3) pulmonary abscess extending 
from liver abscess (these comprised 37.2 per cent of the collected and 
34.6 per cent of our cases) ; (4) bronehohepatic fistula with little pul- 
monary involvement (this occurred in 19.6 per cent of the collected 
eases and 30.7 per cent of ours); and (5) empyema extending from a 
liver abscess (these formed 17.6 per cent of the collected and 34.6 per 
cent of our cases). It may be observed, therefore, that almost four- 
fifths of the cases result from direct extension of a hepatic process. 

The clinical manifestations of pleuropulmonary amebiasis vary with 
the extent and mode of infection. The most common complaint is pain 
in the lower portion of the right chest with frequent radiation to the 
shoulder. 12 ’ 370 This may be explained on the basis of involvement of the 
diaphragmatic pleura. This is especially pronounced by extension of 
the amebic hepatic abscess upward. The pain is sometimes described 
as sharp, stabbing, or shooting in character and occasionally is violent 
and aggravated by coughing or deep inspiration. 300 Another prominent 
symptom is an annoying unproductive cough which occurs particularly 
in the beginning. Dyspnea may be present especially when a large ab- 
scess produces considerable encroachment upon the lung field. Not 
infrequently the symptoms become suddenly more pronounced and the 
patient begins to cough up large quantities of purulent material and 
particularly cliocolate-sauce pus which is pathognomonic of a hepato- 
broncliial fistula. A carefully performed sputum examination will fre- 


quently reveal the ameba and establish the diagnosis. Other common 
manifestations are fever usually more pronounced than in uncompli- 
cated amebic hepatic abscess, anorexia, malaise, weakness, and loss of 


weight. The chest findings may vary but usually are characteristic of 
consolidation and cavitation especially at the base of the right lung. 
In those cases which rupture into the pleural cavity there are charac- 
teristically present manifestations of pleural effusion. The pleurisy 
and pleural effusion which precede the rupture represent a contiguous 
inflammatory reaction. 4 There is usually a moderate leueocytosis which 
is more pronounced in those eases which rupture into the pleural cavity 
and less in the hepatobronchial fistula eases. 

‘ nf'cnographic examination is of particular diagnostic significance 
itoei „ ° a t ions ^Vside from the fluoroscopic demonstration of 

m these con^ jmmol)i | izat j ou ot - f | le diaphragm there is characteristically 
elevation an j ot ]! die anteropost-rior and lateral rocntgcno- 

a triangular simuoo 
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seesses (Graph XVI). It is interesting to observe that whereas in the 
previous series of 131) eases the incidence of this complication was t .9 
per cent, in the more recent series of 42 eases the incidence dropped 
to 4.7 per cent. 

Depending upon the type of development, amebic hepatic abscesses 
that rupture into the peritoneal cavity produce localized or generalized 
peritonitis. Most of these develop by gradual extension of the abscess 
to the periphery of the inferior surface of the liver stimulating a peri- 
toneal reaction and permitting the formation of peritoneal adhesions and 
consequent localization. On the other hand, if the abscess extends and 
enlarges more rapidly, especially if secondary infection develops, and 
particularly if there is a precipitating factor such as trauma or exer- 
tion, perforation and rupture of the abscess may occur into a virgin 
peritoneal cavity producing a generalized peritonitis. Accordingly, the 
clinical manifestations will vary. Whereas in the former type in which 
a previous peritoneal reaction has permitted walling off of the abscess 
resulting in relatively mild manifestations, in the latter in which rup- 
ture occurs into a virgin peritoneal cavity with good absorbability, severe 
clinical manifestations are produced by the rapid absorption of the toxic 
material. The danger of sudden rupture of an abscess into a virgin 
peritoneal cavity has been emphasized previously. 2 ™ Because of this 
rapid absorption of the toxic material, the clinical manifestations in 
these cases are characteristically those of shock. Following the expe- 
rience of sudden intense abdominal pain the patient appears anxious, 
the face flushed, the pulse rapid and feeble, the blood pressure drops, 
the temperature begins to rise pereipitously, generalized abdominal ten- 
derness and rigidity become manifest, and there is all the evidence of an 
acute abdominal catastrophe. Whereas the manifestations may not be 
as severe as in primary pyogenic infections, nevertheless the prognosis 
is relatively bad. Thus, in a collected series of 46 eases there were 28 
(or 60.8 per cent) deaths. 1 Loubejac 21 '’ reported 11 cases with 3 (or 
27.3 per cent) deaths. In our series of 13 cases there were 10 (or 77 
per cent) deaths. In the ease with localized peritonitis the prognosis 
is better. 

The presence of a localized or generalized peritonitis also influences 
the therapy, although emetine should be administered in all eases. In 
the former aspiration should he done first and if secondary infection is 
demonstrated, immediate open drainage should be instituted. This is 
necessary in the majority of cases and was done in the three eases of our 
series. In the remaining cases tire patients died soon after the onset of 
generalized peritonitis. Biggam and Rajol 23 advocate conservative 
therapy consisting of aspiration of the peritoneal fluid and the admin- 
istration of emetine. On the other hand, Loubejac 215 prefers drainage 
by operation. 

Occasionally an amebic hepatic abscess may rupture into the peri- 
cardial cavity. This unusual complication occurs in less than 2 per cent 
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plications is governed by the type of involvement. Emetine should be 
administered in all cases just as described above in the treatment of 
uncomplicated hepatic lesions and its inestimable value has been em- 
phasized previously. 233 ’ 280 Conservative therapy consisting of emetine 
administration and postural drainage is usually sufficient in the bron- 
chohepatic fistula type in which the communication is sufficient to per- 
mit rapid evacuation (Case 4). In some cases bronchoseopic drainage 
as suggested by Pelle 303 may be of value. The superiority of conserva- 
tive therapy is shown by the fact that all of the cases in our series 
treated in this manner recovered, whereas only about a third of those 
operated upon recovered. More recently the value of conservative ther- 
apy has been emphasized by several observers. 7 - 10 °- 147> 195 ’ 344 However, 
operation may be necessary in certain eases. Thus, in those associated 
with an empyema aspiration should be done first and if secondary in- 
fection is demonstrated open drainage should be instituted. 4011 ’ 40c ’ 40,i ’ 
203, 2 so However, if secondary infection is not demonstrable, conserva- 
tive therapy should be maintained (Case 5). 
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Graph XVII. Relative mortality incidences in authors’ cases of pleuropuhnonary in- 

volvement according to type of lesion. 


Extension into the peritoneal cavity is the next most frequent compli- 
cation of an amebic hepatic abscess. The incidence varies according to 
different authors. Thus, Cyr"° reported this eventuality in 6.9 per cent 
of 563 cases, Ludlow 218 in 5 per cent of 100 cases, Huard and Meycr- 
Mav 174 in 3.3 per cent of 150 cases, Jayasuriva 188 in 2.7 per cent of 73 
cases and Peiris 302 in 7.1 per cent of 28 cases. In a collected series of 
i nOo’ eases including ours, the hepatic abscess ruptured into the peri- 

SS to 66 (or 6 per rent).- - ■- - Vergor and Ilrr, 

■ Germ 3 ** found that of SO cases of ruptured amebic abscess, 39 (or 
m 7 ner cent) were into the peritoneal cavity. Of 46 cases analyzed by 
4 i'u Here were 24 with generalized peritonitis and 22 with localized 
Aceba 1 our ser j cs 0 f is L cases of amebic hepatic abscess there 
peritonitis. . eeut ) that ruptured into the peritoneal cavity and 

were 13 (oi third of the total number of ruptured hepatic ah- 

this comprised one 
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the rational conception and specific therapy of amebiasis these complica- 
tious should seldom it ever occur. 

m.i’siimm: cusi: umoius 

The followin'? case is a characteristic example of an amebic hepatitis 
with satisfactory response to eonseivathc therapy. Tins is considered 
to be in the “piesuppurutive" stai?e and by the use of emetine progres- 
sion to abscess formation is pi evented. Upon admission the diagnosis 
was not clear and ceitain featmes indicated the possibility of broncho- 
pneumonia and pleurisy. For tins tea son lie was placed on siilfapyri- 
dine thciapy. It soon became appaiont that this diagnosis was ineor- 
icct and the piesence of amehac in the stool Miipjested the collect diag- 
nosis which was confirmed by the diamatic response to emetine therapy. 

Cvse 1. — B. .7., a toloicd male, !! tear- of -me, was admitted to Climtv IIospi 
tal on Feb. 1, 11140, nml di-t harged on Fell. Cl, 11)10. 

Chuf Complaint — Sharp pain in right lower chest uid upper ibdoincn 
Fiesuit illness — The patient stated tli it lus illne-s began on Jut. >tl, 10 10, at 
which time he had a pain high in the epigistnum. This was u drawing tvpc of pun 
associated with a fullness in the abdomen. The pun developed gradually ind was 
soon au ompamed In -light nau-ea The patient had to gag himself with his linger- 
to vomit, but the navi-ea was not relieved In vomiting. The pain in the epigastrium 
and the nau-ea persisted toi several dav- and then he developed dulls and fever. 
The next dav the patient went to work a- usual in a lumber jard, but felt very tired 
and lus biek aelied severely He claim- that his joints aditd -o much that he 
could not bend his knees. The following night a severe, -h trp pain strmk him m 
the right liv podiondi mi region. The pain was -o -evere that it caused him to double 
up. Deep bieathmg aggravated the pam wludi sometimes i.idiated to the light 
shoulder He lemumod in bed until lie i line to the hospital. After admittance he 
had a b id cold and a running no-e for about a week. He coughed onasionalK. 
The cough was -hghtlv productive of white vveterv sputum. His appetite lus been 
good until the writiDg of tin- report He had a hi-toiv ot citrons < on-tipatmn but 
no diarrhea except oc< a-iouallv a loose stool 

Phy&ual Examination — Pul-e, 100, re-piration, 24; blood pro-sure, 140/81); tem- 
perature, 102'’ F The patient _na- apparent!} not ai utelv ill, he 1 1 } quietly m 
bed on a ba< k re-t, but with a tired, untried tac its. Examination of the i he-t 
revealed no signifii ant finding- except a -light lag m the right lower portion, and 
extieme tendeme-s in this area as well as decreased re-on ini e, dei rea-ed breath 
-ound«, and oi ( a-ional drv rales. The abdomen appeared fiat, ruu-eular, and some 
what rigid Extreme tenderness vra- eln ited just below the costal margin on the 
right side and over the liver vvlin li w 1 - palpible two fingerbre ulths below the ri'dit 
costal margin 

Laboratory FtniLnrji — On Feb ’I. 1040, hemoglobin was 75 per cent, red blood 
cells, 4,100,000, white blood < ells, 24,000, polv morphonuelears, 84 per <ent, Ivmplio 
evteo, 14 per cent On \pnl 7, 1940, red rdood <ells were .5,151,000, white blood 
cells, 17,400, polvniorphonu' lears, 84 per cent, 1 v ruphoi _v tes, 10 per rent, nionoivte- 
5 per lent, unnah-i-, no abnormal finding- Blood chemi-ti v was normal and on 
Feb 8, 1940, sulfnpvrnline level, 12, blood Was-ermmn, negvtne; sputum next 
tvve for all tvpes of pneumocou l ami for aeul fast organism- btool examination 
on. Feb 15, 1910, showed ej-t- of L hiitnhjtica and blood < ulture, negative. Roent 
genograplnc studies of the ehe-t on Feb 7, 1040, showed slight tlnfkcning of the 
pleura m the right eostoplireme angle and of the right lntrnlobar pleura but no 
evidence of pneumonia or encapsulated fluid Tin* impression was thickened pleura. 
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of the cases. In Huartf and Meyer-May ’s 174 series of 150 cases it. was 
present in 3 (or 2 per cent) and in our series of 1S1 cases it occurred 
in only 1 (or 0.6 per cent) (Graph XVI). Of SO ruptured amebic 
hepatic abscesses reported by Vergoz and Hermenjat-Gerin, 384 13 (or 
16.2 per cent) perforated into the pericardium. They are more likely 
to follow abscesses of the left lobe of the liver, which are more difficult 
to recognize. Clinically this complication is characterized by sudden 
manifestations of pyopericarditun with a rapidly fatal termination. All 
of Vergoz and Hermenjat-Gerin ’s 384 eases were fatal as were ours. How- 
ever. a few recoveries harm been reported. Huard and Meyer-May 173 
recorded a patient who recovered following- open drainage and more 
recently Purcell 310 reported a ease in which conservative therapy con- 
sisting- of emetine and aspiration was apparently successful. 

There are still other rarer complications of amebic hepatic abscess, 
most of which consist of perforation. Accordingly, cases have been re- 
ported in which the abscess ruptured into the gastrointestinal tract/' 1 ’ 
cg, i 88 , 223. 26i ;,p 0 £] ie suspensory ligament, 307 through the abdominal 
wall, 50 ’ 174 ’ 218 ’ 302 into the biliary tract, 20 ’ <in ’ 00 and into the portal vein 
and inferior vena cava. 28 ’ 58 ’ 84 ’ I20 ’ 132 ’ 224 Perforation or drainage of an 
amebic hepatic abscess through the abdominal wall is one of the most 
frequent causes of cutaneous amebiasis and comprises from one-third 
to one-half of the cases of this type of amebiasis. 111 ' 170 ’ 230 ’ 207 ’ 370 ’ 400 
We have previously reviewed this subject. 282 284 The condition is char- 
acterized by progressive necrosis and ulceration of the skin. The treat- 
ment consists essentially of radical excision and administration of eme- 
tine. 


Other even rarer complications are cerebral abscess and extension of 
an amebic hepatic abscess into the spleen and the kidneys. Kartnlis 102 
found brain abscesses in 3 per cent of the cases of amebic dysentery in 
Egypt, and Izar‘ s 4 collected 56 cases of amebic abscesses of the brain, 
29 of which occurred in Egyptians. Cerebral abscess is considered the 
result of blood-borne infection and hepatic and pleuropulmonary in- 
volvement are frequent antecedent lesions. 3 ” Runyan and Herrick 335 
reported a case of amebic cerebral abscess which occurred shortly after 
drainage of a liver abscess and sponging of the* cavity with gauze. The 
condition is almost invariably fatal. Of the 59 cases collected by 
Hoard 170 all terminated fatally. The rarity of splenic involvement is 
shown by the fact that Huard 170 was able to collect only 6 cases from 
the literature. It may be due to metastasis from the intestine or to 
r ■ *t extension of an amebic abscess of the left lobe of the liver. Kid- 
° lesions are also extremely rare. These complications are usually 

11C -* . , . and are associated with the more severe extensive 

determined at auiops.% 

•md neglected cases of amebiasis. 

° . -lv stated, it is significant that most of these i’oini>)iaitions 
Asprcvmu^. vt , I>ortoc l eases. .V the present time because of 
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The following ease is a characteristic example of an amebic hepatic 
abscess that responded satisfactorily to conservative therapy consisting 
of emetine and aspiration of the abscess. In this case t he clinical mani- 
festations were quite characteristic, including the history of an ante- 
cedent. diarrhea although stool examinations were negative. The clin- 
ical diagnosis of amebic hepatic abscess was iairly evident and sup- 
ported by the characteristic roentgenographic findings. The diagnosis 
was definitely established by the aspiration of typical chocolate-sauce 
pus as well as the patient's dramatic response to this conservative 
therapy. 

Case 2.— C. L., a white male, mi years of age, was admitted to Charity Hospital 
on Jau. 2, 1041, and discharged on Jan. 2S, 194 1 . 

Chief Complaint . — Pain in the upper right abdomen for one and (mu-half months. 



Fig. 5. Fig. 6. 

Fig. 5. — Anteroposterior 1 of patient reported in Case 2 

with amebic hepatic absces elevation of right leaf of dia- 
phragm with distinct bulging _ — _ . mg into the lower lung field and 

obliteration of cardiophrenic angle. 

Fig. 6. — Lateral roentgenogram of chest of patient referred to in Fig. 5 show- 
ing pronounced elevation and bulging upward of right leaf of diaphragm and oblitera- 
tion of anterior costophrenic angle. 

Present Illness .— Patient states that about three months previously lie had an 
attack of diarrhea with twenty to thirty bowel movements daily, associated with 
tenesmus and mucus in the stools. Upon seeing his physician he was told to change 
his diet and was given medicine to relieve the diarrhea. This lasted for approx- 
imately two months and during the past month he 1ms had fever, and pain and 
tenderness in the right upper abdominal quadrant. He also complains of anorexia, 
loss in strength, and considerable loss in weight. 

Physical Examination . — Blood pressure, 120/75; temperature, 101° F. ; pulse, 
130; and respiration, 28. The general appearance was that of a poorly nourished 
man, resting quietly in bed, and not apparently acutely ill. Significant findings 
were limited to the lower right chest and abdomen. There semed to be a slight 
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On Feb. lb, 1940, views of the chest show clear lung fields, hut there is elevation 
of the right leaf of the diaphragm and apparent thickening of the pleura in the 
right axillary region with slight obliteration of the cardiophrenic angle in the 
posteroantenor view (Pig. 2), and a distinct bulging of the diaphragm and oblitera- 
tion of the anterior costophrenic angle in the lateral view (Fig. 3). 


Fig. 2. — Anteroposterior roentgenogram of chest of patient reported in Case 1 witli 
amebic hepatitis showing characteristic elevation of right leaf of diaphragm with 
obliteration of cardiophrenic angle. 

Fig. 3. — Lateral roentgenogram of chest of patient referred to in Fig. 2 showing 
characteristic elevation and slight bulging of right leaf of diaphragm with oblitera- 
tion of anterior costophrenic angle. 
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t Temperature chart of patient in Case 1 showing* little response to sul- 

' fapyridine but dramatic response to emetine. 

Clinical Course . — The patient was admitted to the ward with the diagnosis of 
pleurisy with effusion and pneumonitis. He was given sul fapyridine for approx- 
'matelv one week but the clinical manifestations were not remarkably relieved ill- 
thorn'll the temperature curve showed a slight decrease (Fig. I). Following the 
° jon 0 £ jv histolytica evsts m the stools and characteristic roentgeiio- 
dentons ru ^ Fcb i (!j 1 9 f 0, a tentative diagnosis of amebic hepatitis was 

graphic in was gj ven enietine hydroeliloride, gr. 1, daily for one week, 

made an ie F instituting this therapy the temperature dropped to normal and 
Immediately a c discharge (Fig. -1)- The clinical iiiaaife.-tatioas were com- 

retnaiuetl there unti 1 di-charge he was iila-ed on anayodia therapy for 

pletely relieved and upon 
intestinal amebiasis 


KECKNT advances is suhokby 


c „ « >7* - c “ ,5 ‘ 

- M :'- V l 7 'S •“ *» •»'* '■ 

Chief ComvUmt . — me ' lULl 1 

iMomon. ttl ;u i„,i w i<m the patient began Iming 

Present HUu ™.~ About two wtd- ■ » ^ ;u , llin „ in character, Rradnnlly be- 

pain >n the right upper abdomen. t - - 1 bre;lt lting. One neck later .-he 

Ling worse, and particularly aggrav ££ ,3„ ri „« the six week, prior in 

lie°au having nau.-ea and ionntin 0 . - - U{ Her appetite had .-teadih 

diminished and she had tori , • J 1 ;ihout it week and since then she 

„„d passed Wood in her stools, lhis Att.w 

has had no bowel disturbanees. , 



_ „<■ chp-t of patient reported In Case 3. 

FlK g — Anteroposterior roentgeno^, 1 n diaphragm and obliteration of eardio- 

showmg pronounced elevation of rUlit lear 

phrenic angle. . . . of patient referred to in Fig- Jj. showlns 

el e vatic n oT*n ght* 1 ea f° o mi laph rig m ^a nd Sbllteration of anterior costophrenic angle. 


blood pressure, U0//b. Geneia o - significant findings were limited 

nourished, ambulatory, and not aeuteU • ' " tUc right chest and 

to the lower right chest and abdomen J er ' ^ ^ ^ 

the liver dullness extended up to * 2 ,Snt and acute tenderness over this 

r'C.* 1 1? ;,: p s~ f: •» ~ 

«... .... a- 

Laboratory Fin< x y ■ 5 tlo lvmorphonuclear.s, 70 per cent; lymplio- 

ctdes ^IS^'per'^c'ent monocytes^ t’ per' cent; eosinophiles, 2 per cent; and urinalysis 
f , . sliaht trace of albumin. Tl.e blood chemistry was normal, Uassermann, 
showed a si g mination revcale( l cysts of E. histolytica. Boentgenograph.c 

SeTlhold dtinet immobiliaation and elevation of the right leaf of the dm- 
J™ with obliteration of the eardiophrenic angle m the posteroantenor view 
(Fig. 8) and the anterior costophrenic angle m the lateral view (itg. ). 
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lagging of the right ehest and liver dullness extending higher than normal. There 
was marked tenderness along the right costal margin, and some rigidity over the 
hepatic area. The liver was enlarged tiro tingerbreadtlis below the riglit costal 
margin. 

Laboratory Findings . — On Jan. a, 1941, hemoglobin was 05 per cent; red blood 
cells, 3,550,000; white blood cells, 22,300; polymorphonuclear*, 90 per cent; lympho- 
cytes, 8 per cent; monocytes, 2 per cent. On Jan. 7, 1.941, white blood cells were 
1(1,500; polymorphonuclear*, 85 per cent; lymphocytes, 24 per cent; monocytes, 15 
per cent; and urinalysis, negative. Blood chemistry was normal and blood lYasser- 
mann negative. On Jan. 31, .1 941, pus from liver abscess showed no parasites and 
no bacterial organisms. Stool examinations on three occasions, January 4, (i, and 
13, showed no ova or parasites. Roenfgenographic examination of the chest, Jan. 2, 
1941, showed elevation of the right leaf of the diaphragm and atelectasis at the 
right base. Subsequent views of the chest showed immobilization, elevation, aad 
localized bulging of the riglit leaf of the diaphragm with obliteration of the cardio- 
phrenic angle in the posteroanterior view (Pig. a), and obliteration of the anterior 
eostophrenie angle in the lateral view (Fig. (5). 

Clinical Course . — Following the characteristic roentgenographic findings a tenta- 
tive diagnosis of amebic hepatic abscess was made and the patient started on emetine 
therapy. Two days later, under local analgesia, aspiration of the liver was per- 
formed and 7(10 c.c. of chocolate-sauce pus were removed from the liver abscess. The 
day after the aspiration the patient’s temperature which had been ranging between 
99° and 101° F. dropped to normal and remained there (Fig. 7) until his discharge 
from the hospital and lie was completely relieved of all previous manifestations. 
Upon his discharge he was placed on diodoquin therapy for intestinal amebiasis. 



Fig. 7.- 


■Temperature chart of patient in Case 2 showing- moderate irregular pyrexia 
and dramatic response to emetine and aspiration therapy. 


The following case is an example of amebic hepatic abscess which was 
at first believed to he an amebic hepatitis. The clinical manifestations 
of an amebic hepatitis were quite characteristic, including an antecedent 
dysentery and the presence of ameba in the stools. The roentgeno- 
oraphie findings were also characteristic. Accordingly a diagnosis of 
amebic hepatitis was made and the patient placed on emetine therapy. 
Her immediate response was dramatic; the temperature dropped to nor- 
mal and she was remarkably improved. However, within about one 
■eel' after beginning this therapy there was a slight recurrence of fever 

", .V „ • and the hepatic tenderness although diminished 

which was mat - 0 , w , haA 


I'hlCil WU<> 

till m-esent It was soon evident that the pathologic pr 
was sun P l '- av ' , 

' title t/» ntieiiiieo I'limimt le 


7 A j-, eV0U d a simple hepatitis to true abscess formation. This 
pvogve ■' * .jjjjjjjjjje,! by the aspiration of typical chocolate-sauce 

was defint t relief ol‘ nil innnifcstnti 


pus 


• t uul the subsequent complete relief of all manifestations. 
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mitted to (ho hospital oil several occasions and the diagnosis was not 
suspected until after he began coughing up characteristic chocolate-sauce 
pus. The diagnosis of bronehohepatie fistula was definitely established 
by roentgenograms taken after intratracheal instillation of lipiodol. 
The satisfactory response to conservative therapy and postural drainage 
is clearly demonstrated. 

CASK A., a colored mule, do veins of age, was admitted to the luispitat on 

April 11, 10-il- 

Chkf Complain/.— them was pain in the right ehe.'t, congli and expeetoration of 
bloody muau.. 



Fig. 13. Fig. II. 

Fig. 13.— Lateral roentgenogram of chest of patient referret J to in Fig; 12 and 
taken at same time, i.e., several days after amebic hepatic abscess bad ruptured into 
lung. In contrast with that taken before rupture as shown in Fig. 11. it will be 
observed that the apex of the localized bulging is now less distinct and extends up 
to the hilum of the lung. 

Fjg. H. — Anteroposterior roentgenogram of chest of patient reported in Case l 
with amebic hepatic abscess and bronehohepatie fistula. There is definite elevatfoh 
of the right leaf of the diaphragm, obliteration of the cnrdiophrcnic angle, charac- 
teristic triangular shadow with the apex pointing into the lower lung field, and evi- 
dence of right pneumonitis. 

Present Illness . — The patient stated that he first became ill in July, 1939, with 
malaise, night sweats, weakness, and expectoration of bloodstained mucus. He also 
had pain in the right chest. He came to Charity Hospital in August, 1939, and re- 
mained there for about one month. He left the hospital feeling much better but 
was readmitted on several occasions sinoe then with the same complaints. He has 
continued to cough and expectorate a dark reddish mucopurulent material which 
is sometimes tinged with bright blood. He lost about thirty-five pounds in weight 
since the onset of his illness. At the time of the writing of this communication, his 
appetite was good and he had no digestive disturbances. 

Physical Examinal ion.— Temperature was 102° F.; pulse, 90; respiration, 22, and 
blood pressure, 205/G0. General observation revealed a somewhat undernourished 
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Clinical Course . — A diagnosis of amebic hepatitis w as made and the patient 
placed on emetine therapy, 1 gi. daily foi 10 days. Within four dais the tem 
peiatuie dropped to normal and remained there for about one week and then there 
was slight recuuence of fever (Pig. 10). Although theie was considerable im- 
provement clinically the patient still complained of some pain and tenderness uier 



Fig. 10. — Tenipeiatiu e chart oC patient in Case 3 showing: definite tesponsc to 
emetine therapy with slight recurience of fever which completely disappeared follow- 
ing aspnution of 1,000 c.c. of cliocolate-sauce pus. 



Fig H. 


Fig 3. 


„ ,, f ,1 roentgenogram of chest of patient with amebic hepatic absciss 

m^elefTl dais before ruptuie into lung. The obliteiation of the .into lor costo- 
pfuemc angle and the localized upward bulging of the di.iphi.igm nc < haiactei istlc 

features. ^ n teropo«to 101 roentgenogiam of chest of patient it to ml to In Fig It 

Fig. 1— i ,rter amebic hepatic abscess bad ruptuicd Into lung' and patient 

taken sev choZlalc-™L‘' !nL There is a pronounced elev Ulan of the right 
began coughMW up cn j ob j ltcr-l tlon of the caidlophrenic angle with the ape\ of 
leaf of extending toward the lulum of the lung The edges of tin 

a tnongulnr sh. Lharplv defined than in that taken befoie rupture, prohaldj due to 

the^assocnUed^neunionltis. 

. c;l It was decided that the patient had a due abscess and tin - win 
the liep.l m ■ | JV ( | lt , aspiration of f (1(10 <• c. of chocolate same pus. I in 

subsequent y 'en c cJure ,[„. tcmpciature dropped to normal and remained 

mediately to ^ ,ij sl .|ia r e,.,I when she was placed on diodocjmii therapy 

there until P^ j0BS manifestations were eoinpletely relieved. 

^ FiS ’ . se j s : i chur.icItTislie example* of an amebie hejt.it i<- 

The followiUiX ‘ ( j| t . brow-inis. Tin's patient Ii.nl been a<i- 

abscebs »Wch ™P UUC 


riicext 


advances ix sri:oEin 
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Clinical Cottr.it. On the basis of the ^ a bS‘»f tl.c Vner 

the roentgenograph!,- ihalm^ « '^R* ^ Uepat obnm«-hinl H-tufa. ^.c patient 
with rupture into the lung -J 1 " 1 ,k 1 1 mllU . rja i. Therapy eonsi.-tetl of postural 
coughed up ehnraete.is.ie ehoeolate-sau e mtUer. ^ ^ ^ daily for nine 

drainage and the adn.in. 4 rat.on o » ^ t ; m()l . r;ltur „ (Fig. 17) dropping to 

dot*. He responded sat.staetor. > ., ld eo.npiete teiief of n.un.festa- 

nornuil and .en.aining there unt.l hts d.s.har,,. 

tl011!i u ,*( -in unehie hepatic abscess that 

The following vase is an ex «™P J The'elinieal maul testations and 

EX"!"-* wITIm ' satisfactory and the - Uintrnosu, 
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Ftg. 18. . , - 

ehest of the patient repotted in 
Fig. IS.— Anteroposteuor roentgenogiain ^ the Jowcr two-tlnnls due to rupture of 

amebic Ihepatic abscess into pleural caviti^^^^ ^ the patient inferred to in Fig. 18 
Fig. IS.— iAtera^roenteenoSW.nir^t lea C f 0 f tlie iliapliiagm cannot be delineated. 

was surest ed by the finding of ameba in the stools and the demonstra- 
tion bv 'thoracentesis of chocolate-sauce pus in the right pleural oavitj. 
Since smear and culture studies revealed the pus, sterile eonsei vati 
therapy consisting of emetine and aspiration evacuation was instituted. 
The satisfactory response to this therapy is clearly demonstrated. 

Case 5.--P. L., a colored male, -SO yea.- of age, nos admitted to Charity Hos- 
pital on Aug. 25, 1941. . 

Chief Complaint . — Pain in the right chest uas the chief complaint of the pat, eat. 

Pre,ent llhie S .,.-The patient stated that about tno ueelrs prior to admission he 
experienced n sudden sharp pain in the right uppe. abdomen and loner chest while 


Fig. 19. 
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nogro uuilu appaioutly cliionii-ally ill. .Significant findings acre limited to the chest 
and abdomen. '1 licit* wax slight lading of the right chest. The breath sounds on 
the right side weie diminished in the Ion er part with dullness and moist rales in this 
area. Kxamination ot the abdomen revealed tenderness immediately below the 
right costal margin. The liver was not palpable. 



Fig. 15. Fig. 1 15- 

Fig. 15. — Lateral xoentgenograni of chest of patient referred to in Fig. 11 show- 
ing definite elevation of right leaf of diaphragm, obliteration of anterior costophrenic 
angle, and a characteristic triangular shadow with its apex projecting toward the 
hilum of the lung. 

Fig. 16. — Lateral roentgenogram of intratracheal lipiodol instillation of chest of 
patient referred to in Figs. 11 and 12 showing bronchohepatic fistula. The lipiodol 
can be traced through the apex of a triangular shadow and beneath the diaphragm 
into the liver abscess. 



LabonUory Findings.— Urinalysis was negative, Wassermami, negative and blood 
It negative. Sputum shotted no parasites and no aeid-fast organisms. Homo- 
CU ^ j )Cr een t; red blood cells, 2,7755, 000; white blood cells, (i,7a(); poly- 

° 0 dears 7*i per cent; lymphocytes, 20 per cent; monocytes, 4 per rent, and 

morp i ’ j| ie j oentgenographie examination the views of the chest showed 

stool, nega i ^ right axillary legion and thickening of the interlobar 

thickens 1 ^ t ] 10 diaphragm was eleiated and immobile ttith oblitera- 

P ! eUra :, . r.. : ophrenic angle in the posteroanterior view of the apex of a tri- 
tiou of the e.w ^ right diaplnagni pointing toward tile hilum of the lung 
angular bulgm c T n t r itracheal lipiodol instillation revealed bronrholicpatic fistula 
(Figs. H and lo)- Amr ‘ 

(Fig. I* 3 ) 
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Fig. 23. Fig. 23. 

Fig. 22. — Technique of aspiration of amebic hepatic abscess located in anterior 
portion of liver, n. 'The needle is inserted just below the anterior costal margin about 
1 to 6 cm. lateral to the midline, b, Diagrammatic representation of sagittal section 
at level of cutaneous puncture slvowing needle directed superiorly and posteriorly Into 
abscess cavity. 

Fig. 23. — -Technique of aspiration of amebic hepatic abscess located in posterior 
portion of liver, a. The needle is inserted in the right lumbocostal angle, b, Dla- 
granimatic representation of sagittal section at level of cutaneous puncture showing 
needle directed superiorly and anteriorly into abscess cavity. 



Fig. 24;— Technique of aspiration of amebic hepatic abscess located near dome of 
liver, a, The needle Is inserted through the ninth or tenth intercostal space in the 
anterior axillary line, b. Composite diagrammatic representation of horizontal section 
uirougn liver abscess and cutaneous puncture site showing posterior and media! 
direction of needle, c. Diagrammatic representation of sagittal section at level of 
cutaneous puncture showing superior direction of needle into abscess cavity 



Uo-t SURGERY 

lifting a crate of oranges. This forced him to quit working. He used turpentine 
as a ‘‘rub medicine” to the painful area. However, lie obtained no relief and the 
pain began to extend higher up into his chest. It was especially aggravated on 
deep inspiration and he gradually developed slight dyspnea. He stated that one 
week before he experienced this sudden pain he had a ‘‘cold” in his right chest. He 
did not think he had much fever or chills. He had a cougli for several necks and 
began expectorating some mucopurulent material, sometimes brownish tinged. His 
appetite had not decreased very much but he lost about twenty-five pounds in one 
month. He was slightly constipated and had never had diarrhea for a prolonged 


FiS. 20. 


Fig. 21. 


1ri „ so— Lateral roentgenogram of the chest of the patient referred to in Figs. 18 
„ m1 taicen after diagnostic thoracentesis winch revealed chocolate-sauce pus. the 
fluid level may be clearly observed in tiie right pleural cavity. 

91 —Lateral view of the chest of the patient referred to in Piss- . I 8 '. ] 
on t-re'en about one month after emetine and aspiration therapy. The right leaf of 
nVrlKnhrastni ' which is still somewhat elevated can now be delineated ami the opacity 
•n thi chest has practically cleared. The patient was symptomless at this time and 

considered sufficiently recovered to be discharged. 

Physical Examination.— Temperature was 99.-1° F.; pulse, 120; respiration, fO; 
Wood pressure, 100/70. The patient was a well-developed but somewhat poorly 
nourished colored male, lying quietly in bed apparently not acutely ill but having 
r-ditly worried facies. Significant findings were limited to the chest and abdomen. 
a s l ° f ^ distinct lagging of the right side of the chest with increased tactile 
There " a ® ^ (lullne!lS befow the right second rib laterally and posteriorly. Resonance 
frenn us • ^ j mpa i r ed on this side with almost absent breath sounds and a few 

was denni e ] ie;lrt; seeul ed to be shifted to the left. Definite tenderness and 
fine ndes. esen t in the right upper abdominal quadrant and the liver was pal- 

ri ff fl'^fingerbreadths below the costal margin. 

P able Findings- Hemoglobin was do pur cent; red blood cells, 2, 470, 000; 

laboratory Q . polymorphonuclear*, 72 per cent; lymphocytes, 18 per cent; 

white blood CC s, ' b i 00 j chemistry, normal; urinalysis, negative; and Wasser- 

monocytes, 9 P er J., >te ’ r mlogic examination of aspirated pleuinl fluid showed it to be 
mauu, negative. a 
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Jitorile, and stool culture was negative for typhoid, paratyphoid, and bacillary 
(yscutuy. Stool examination revealed K. histolytica cysts. Sputum examination 
was negative for amelia and acid-fast organisms. Hoentgenographie examination 
on Sept. 8, JJ11, of anteroposterior and lateral views of the chest showed opacity 
of the light licnii thorax in the lower two-thirds indicating presence of fluid in the 
right pleural cavity (Figs. IS and 19). Roentgenograms taken after diagnostic 
thoracentesis revealed fluid level in the right pleural cavity (Fig. 20). Roentgeno- 
grams of the chest taken about one month after aspiration of chest and emetine 
therapy show opacity in the chest practically cleared with sonic elevation of the 
right leaf of the diaphragm (Fig. 21). 

Clinical Course . — A tentative diagnosis of right bronchopneumonia with pleural 
effusion was made and the patient placed on sulfathiazole therapy for about five 
days. The temperature, which ranged around 99.(1° F., gradually diminished slightly 
on sulfathiazole therapy but as soon as it was discontinued the temperature began to 
return to its former level. Following the demonstration of E. histolytica cysts in the 
stools and the aspiration of characteristic chocolate-sauce pus front the chest, the 
diagnosis was changed to amebic hepatic abscess with rupture into the pleural cavity 
and the patient was transferred to surgery. He was immediately placed on emetine 
therapy and another thoracentesis was performed with the removal of about 400 c.c. 
of typical chocolate-sauce pus. The temperature dropped to normal within 4S hours 
and remained there until his discharge. The clinical manifestations were also com- 
pletely relieved. 
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and accurate. Likewise, tlie classification of chronic cvstm linstitis of the breast 
is not descriptive or consistent. The revienei is uell avv.ue of the fait that there 
is no general agreement among luthonties on the tla-'-ific itinn .mil oven other 
features of chronic ejstic mastitis. 

In general the te\r is an admirable one, pirtuularlv tor students. It reads so 
easilj that all phjsmans should hud it interesting. It is poihwps the best one in its 
held, and represents a tine addition to a inedieil libiuiv 


The Hand: Its Disabilities and Diseases. B\ C. IV. CuMer, .Tr, M D., T. kCS, 

Associate Suigcon, Koosevolt Hospital, Dneiloi of .‘snigeri , Welfare Hospital. 

Xew York CM} Pp 3 72, uitli _>74 ilhisti itions Philadelphia tml I.omlon, 

W B. Saunders Comp un . 

This book is ein vi loped n m t h ii.u tei m that if is i omposed i hioilv ot a sunim u \ 
ot the literature, with evellent lllustiations fiom th it hti ratine on eaih ot the 
subjects console! ed Then- appeiis to be, theiefoie, vorv little intoinutum ougin il 
with the nut hoi. 

In one sense, the hook is piobthlv moie extensile in i overage thin nc’cessur}. It 
deals not onlv with the mteitioiis and iiluieiits peiulitt to the hind, but ilso with 
nnnj subjects in whnli tonsidei ition ot the hand is onlv nu idental, smli as clubbing 
of the hngeis in larilmrospiraton di'eise and the mamiei of taking ot diverse tjpes 
ot skm giatts, omitting the Padgett dermatome 

On the uedit side, theie is good leverage of the 'ubpit ot anatomv, miei turns, 
bums, wounds, tr.u tuies mil disloi ations tumors, efi Theie is a long list of 
leterenees following eult diapter, and the tvpes ot theiapv outlined loi the most pirt 
represent the ideas auepted bv leading authorities smh as Kanavel, Koch, etc 
Due to seveial evellent recent public itions, theie was no vacant j in the surgical 
bteratuie lequiring the piepaiafion ot this volume, but it is, neierrhele", an excellent 
book and one which li is (lie idv.intage ot piosenting i wide levieu ot the Iiteiatuie. 


Surgery of the Ambulatory Patient B\ I, K l'eigusou Pp <IJ >, with <>43 iHu, 

tratioiis Philadelphia, 1 ( >4_’, J B Lipiuncott tompanv i?I0 

The author has done a good job in a eompieheusue ieview of nnnv suigical 
conditions, but the choice ot the title seems a bit unfoitunate Not all the 
pitients that come with the diseases described aie ambulatoij not aie all of the 
treated patients ambulatoij, whethei thej aie m a hospital or not Just what 
patients maj be ambulatorj is akin to what constitutes “major’’ and “nnnoi ” 
surgerj There is danger m a book of this son ot suggesting that certain surgical 
procedures aie of minor importance Ilowevei, as the nutlioi stiesses, theie is no 
surgical pioeedure that should not hive caietul tliought given to the details befoie 
during, and aftei opeiahon 

To be sure, some doctors misuse the time anil niouej of a patient m piolonned 
mil unneeeswj hospital stajs Especiallj in these times of uowded hospitals, 
pioieilures that can be safelj earned out m the office and do not incapacitate 
the patient eeitamlj are m orilei Howevei, unless one lias the faeibties and 
assistance, it is liazaidous to attempt to do even minor suigieal procedures m the 
average doctor’s office with question iblv stenle equipment and inadequate facilities 
m ease an emeigencv should anse In the leneuei \ opinion, pioeeduies that can 
be earned out m the office are better mined out m an operating room of a 
hospital Most hospitals, m this vicimtv at least, chaige no more for an operative 
traj m the operating loom than thej do m the receiving ward YWiether 01 not 
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Changes in the Knee Joint at Various Ages B) Gianvillc A Bennett, MD, 
Associate Ptofessot in Pathology, Hatvard Medical School, Hans Maine, MD, 
Resident Assistant in Medicine at Han aid Medical School, Valter Bauei, MD, 
Assou ite Professoi in Medicine, Hirvaiel Medical School Pp 97, with 31 
illustrations Mew YoiK, 1942, Commonwealth Fund Pubhslieis 

A monogiaph of tins soit lias long been ovcidue The matenal in this booh 
senes as a base line tiom which to begin the stud) of pathologic maternl The 
authois stiess, paiticulail), the nicchauistic conceptions of the oiigm of degenen 
tne changes in the articulai caitilage of the knee joint There aie a luge number 
of line plates upon which aie exhibited photogiaplis of the knee joint md micio 
photogiaphs of the joint caitilage Beginning as earl) as the second decade of 
life, and quite regulail) in the fifth (aftei 40 )ears) gross evidence of degeneiatne 
changes in the aiticula caitilage is a regulai finding This weai and teai is a 
piogiessive phenomenon mu easing in seventy with added )eais 

This is a monogiaph deserving of caieful stud) b) all who piofess an mtuest 
m the patholog) of aithntis, he he pathologist, internist, oi suigeon 


Surgical Pathology By William Bovd, MD, LL D , MR CP, Piofessor of 
Patholog), Univoisitv of Toronto, Toionto L’d o Cloth Pp 843, with 320 
lllustiations Pluladelpl in and London, 1942, V B Siundeis Compui) $10 


The autlioi has complelel) levised tins edition and likewise has made numeious 
impiovements m the illustrations It is ver) giatif)mg to the leviewei to note tint 
he disciiminates sluupl) between the specialties of suigical p itholog) and pathologv , 
he conectl) calls attention to the f let that suigical pathologv involves the stud) ot 
disease processes in then mcipiency, wheieas pathology is ipt to be a stud) of the 
terminal pluses of disease Hovvevei, he conectl) st iteb that a suigical pitliolognt 
should have pielinnn u> flawing m patholog) 

The authoi has adopted a cleu, concise but simple stvl oi wilting Because of 
this the text lends itself veiv well to use b> the student The hook is itmiikibl) 
fiee fiom complicated discussions The el issineation ol tumois is simple and bnef, 
to those trained in suigu il pitliolog) it might appi u too bnef but to the student, 
the leviewer believes, it is supenoi to t moie inclusive clissihc it ion The mtlioi m 
erts sufficient nnteual on pithogcncsis md clinic il m inifist itions to hold the 

ilulei’s inteiest and lend piopei conelation 

‘ r *i,„ ( bailee s in this edition ovei tin list one is the inclusion nl c u 

One or tne m u*j t> , TT , 

of the kidnev and hvpeineplirom i into one gioup n cinch II)pc‘inepliicnn t 
cinonn ^ c | [ssification might be controvcrsi 1, but is m expicssiou ot the 
^Tlns change ^ .rencnl the text m iten il lcpiescnts the mtlioi s expendin' 

authoi s oj t0 t | ie noik of m iin otlic i luthoritics to hung Ins inifintl 

but he refers const uui) 


u p to date ,liccs ire cncounteied winch could he improved '1 he reviewer 

Natur ill), ver m ^ ilu thor’s dissipation of goiter He hid not ldoptcd an) 
was disappo' nt *-^ ln ^ ^ ltH)I , Cert unlv the simple cl issifn iticui submitted )e irs 
C C v-soei ition tor the Stud) of (colt! r eppe irs mine descriptive’ 
(jjU 
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THE UTILIZATION OF ENCEPIIALOMYOPEXY IN SELECTED 
CASES OF POST-TRAUMATIC FOCAL EPILEPSY 

Joseph H. Sims, M.D., New York, N. Y. 

(From the Department of neurological Surgery, Jewish Hospital of Brooklyn) 

E FFORTS to ameliorate epilepsy by augmenting the circulation of 
the cerebral cortex are not new. Among the earliest attempts 
were those of Alexander, 1 who tried to accomplish this result by cervical 
sympathectomy. Peufield 7 has called attention to a case in which “re- 
moval of the superior sympathetic ganglia, decortication of the carotid 
artery, removal of the ganglia upon the vertebral artery, and decortica- 
tion of that artery” on one side converted a case of generalized epilepsy 
into unilateral epilepsy which continued for a year. This same in- 
vestigator, 8 on the basis of his expex'iences at the operating table, con- 
cluded that ‘‘the one constant visible phenomenon in the brain during 
an epileptic seizure is cessation of arterial pulsation. The vasomotor 
spasms and changes seen so characteristically in the cerebral cortex 
of epileptics are due to vasomotor reflexes but reflexes which are prob- 
ably not subserved by autonomic neurones placed outside of tiie cranial 
cavity.” It would thus appear that the failure of cervical sympath- 
ectomy to effect a sustained improvement may be attributable to the 
fact that the resultant enhancement of the cortical circulation is not 
substantial or lasting. That this possibility is the case is also suggested 
by experiments disclosing that only slight cerebral vasoconstriction can 
be produced by cervical sympathetic stimulation. 5 

That a sustained revascularization of the brain is possible in lower 
animals has been proved by German and Taft'el, 5 who accomplished this 
result by grafting a scarified muscle flap onto a brain surface denuded 
of its arachnoid investment, an application of the principle previously 
applied to the vascularization of organs other than the brain, notably the 
heart 5 and kidney. 4 Using monkeys as experimental animals they were 
able to demonstrate new patent anastomotic channels as early as three 
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a patient is nmbnlatoiy aftei eeitain opeiations nil] depend upon the temperament 
of the -patient and the surgeon. The tiouble with most “ambulatory” surgery is 
that too big a job is attempted without adequate assistance and facilities. 

In the main, the subjects aie discussed very well. If the author had attempted 
to discuss fewei surgical conditions, the book would be moie \aluable. After all, 
infections on the lip aie not heated generally with the patient ambulatory; also, 
if is questionable if one is justified m allowing a patient with an abscess of the 
bicast, who has a fovei, to be ambulntoiy even though the abscess is diainod. 

The book is piofusely illustrated. The illustiations aie the best the ic viewer 
has seen in a book of this type. A comprehensive index is appended. 


Abdominal and Genito-Urinary Injuries. Military Smgical Manuals, national Be 

seai ch Council. Pp. 243, with 2S illustrations. Philadelphia, 1042, W. B. 

Saundeis Company. 

This monogiaph wiitten in two paits — one on abdominal injuries, the other in- 
junes of the genitouimaiy tiact — was prepared under the auspices of the Committee 
on Suigeiy of the Division of Medical Science of the national Reseaich Council. 
Both poitions of the volume aie well done. The first section on Abdominal Injuries 
was written by Ambiose H. Stoiek; the Uiological Section was mitten by the Sub 
committee on Uiology of which Heiman L. Kietschmei is chairman. The latter 
section contains a cluiptei of “Do's and Don’t's” foi the cure of urological emer 
geneies. The illustiations in both sections me well chosen and complement the text 
in a veiy satisfaetoiy mannei. 

Tliis volume should piove a veiy valuable compendium foi medical officers of 
both the Aimv and Navy. It can be leeommended enthusiastically, too, to anyone 
who wishes to inform himself on the best ciruerit thought ot the management of 
abdominal and gemtounnaiy mjuiies. 



S1RIS: ENCEPHAI.OMYOPEXY IX FOCAL EPILEPSY C5o 

initially to a type of case in which severe convulsive manifestations 
were associated with a focal atrophic lesion. A case ultimately did 
present itself bearing criteria which were considered sufficient justifica- 
tion for operation, namely, a posttraumatic hemispheric atrophy with 
contralateral hemiparesis and jaeksonian epilepsy involving the weak- 
ened limbs. 

Case 1 (Patient M. R. ; J. H. B. Xo. 23377.1;.— An Uyear-old girl was admitted 
to the hospital on Oct. 3, 1041, because of right-sided convulsions and paresis of 
the right limbs. She had fallen down a flight of stairs in June, 1937, following 
which a quadriparesis resulted. The weakness of the left limbs cleared up slowly, 
but there was a residual right hemiparesis. 

Right-sided convulsions appeared two years following injury. They were fre- 
quently associated with unconsciousness, tongue biting, and loss of posture control. 
Before the institution of medication with phenobarbital, paroxysms occurred three 
or four times daily. On medicinal therapy their frequency was cut down to "once 
or twice a day several times a week.” A pneumeneephalogram performed during 
hospitalization. in June, 1940, established the diagnosis of left cerebral atrophy. 
The patient was readmitted in October, 1941, with a history of some progression 
in her right-sided weakness and a persistence of convulsions. The patient had been 
closely observed during 1941, but despite anticonvulsant medication, the widest inter- 
vals ever noted between attacks did not exceed three days. 

The positive findings on neurologic examination included moderate facetiousness 
and mental retardation; slight awkwardness in speech without frank dysphasia; 
right spastic hemiparesis (about 40 to 50 per cent impairment), somewhat more 
marked in the upper limb; slight atrophy of the right limbs, hyperactive tendon 
reflexes on the right, absent abdominal reflexes, and Babinski toe sign bilaterally. 

Preoperative electro-encephalographie studies disclosed "irregularities of pattern 
from all areas with concentration of disturbances (constant and spasmodic) ante- 
riorly and to the left." (Sheinberger). 

Operation . — A left lateral craniotomy and encephalomyopexv were carried out on 
Oct. 13, 1941, under general anesthesia. The exposed brain was found to be slightly 
atrophic and on palpation in the sylvian region to be fairly hard, suggesting the 
presence of a cicatrix. 

Postoperatively, the patient fared well during the first twelve hours, after which 
she developed a series of right-sided convulsions, which cleared up within forty-eight 
hours. Thereafter, the patient was subject to relatively light convulsions, separated 
by steadily widening interparoxysmal intervals in place of the former more intense 
paroxysms occurring almost daily. Recently, seizures have been limited essentially 
to the right hand, although the right lower limb and the right side of the face are 
also involved occasionally. Paroxysms now occur at intervals of two to three weeks 
in place of the former maximal free interval of three days. The patient and 
family express satisfaction with the result, both as to epilepsy and motor weakness. 
MUlc this has been apparent in the former, objective study could reveal no striking 
improvement in the latter. 

\ 

Although the patient was appreciably improved following operation, 
the result secured was not as good as that seen in some of the other 
cases. In contrast to those in which convulsions did not recur, it is 
noteworthy that apart from the suggestion of atrophy the brain did 
not present a grossly abnormal appearance at operation. This faet 
and the electro-encephalographie evidence of diffuse bilateral dys- 
rhythmia, pre- and postoperatively, suggest that this type of case is 
less suitable for eneephalomyopexy. 
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weeks following operation. These investigators suggested the possibility 
of this procedure for such conditions obtaining in humans as “cerebral 
arteriosclerosis, recurrent cerebral thromboses, and intracranial an- 
eurysms requiring internal carotid ligation.” 

The ability to enhance the circulation of the brain in lower animal 
forms naturally raises the question of the utilization of encephalomyo- 
pexy in the human subject. In view of the evidence of irreversibility 
of destruction of Betz cells, it appeared too sanguine to hope that 
hemiplegias based on more than mere physiologic interruption could 
be favorably influenced by such a procedure. But the possibilities for 
epilepsy -would not be governed by such limitations if the hypothesis 
relative to an underlying capricious cerebral vascular mechanism were 
substantially correct. Under such circumstances efforts to improve the 
cortical vasculature would appear rational. 


TECHNICAL CONSIDERATIONS 

To effect actual vascular anastomosis between the cortex and over- 
lying muscle in the absence of intracranial hypertension, intervening 
arachnoid must be eliminated. Rather than strip it from the brain 
and thereby invite unfavorable hemorrhage, it was deemed preferable 
to accomplish the same result by lightly cauterizing the superficial 
portions of some of the more prominent exposed convolutions. At such 
points, firm anastomosis with a superimposed muscle flap could then 
be expected to take place. 

The technical problem of swinging a pedicle flap of temporal muscle 
onto the cortex, without leaving a sizable bony defect, is a relatively 
simple one. The scalp and muscle flaps are each reflected separately. 
The underlying bone area is then removed en bloc. When ready for 
closure one wires the bone flap in place after having made a small open- 
ing at its base. The size of this defect is just sufficient to allow for the 
entry of muscle without constricting its pedicle. 

Although the temporal muscle is deprived of its usual attachment to 
the skull by this operation, masticatory function is not interfered with, 
nor is the act of mastication accompanied by any untoward effects upon 
the patient. The contour of the temporal region on the operated side is 
not visibly altered, since the bone defect is quite small and situated in 
the infratemporal zone. 


SELECTION OF MATERIAL 

Only patients whose convulsive manifestations were quite consistently 
f al or related to a local lesion such as an injury or former infection, 
w-e 'selected for operation. Furthermore, these phenomena had to cor- 
an abnormal intracranial focus, demonstrable by pneu- 
xe a e „j ia i 0 nraphy and/or electro-encephalography. Operation was not 
mence ^ Respite these criteria, if the seizures were adequately eon- 

P n° ^"with medication. 

troueu advisable that the projected procedure be restricted 
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ouly indication of a focal lesion was the slight pneumcnecphalographic 
evidence of cerebral atrophy on the side where mastoiditis had formerly 
been present. Unlike those eases in which convulsions did not recur, 
the brain did not present a grossly abnormal appearance at operation. 

Case -f (Patient S. T.; J. H. B. No. 253273). — A 31-year-old man was admitted 
to the hospital on April 21, 1942, with a history of right-sided convulsions, asso- 
ciated with unconsciousness and tongue biting, during the previous year. Seizures 
were not materially influenced by medication. For a year prior to the development 
of these paroxysms the patient had been subject to vertiginous episodes manifested 
by a flushing sensation in the head, accompanied by a feeling of anxiety. He had 
been hospitalized in 1910, following a fall from a lire escape, which rendered hint 
unconscious. X-ray study on that occasion revealed a fissure fracture of the left 
parietal and temporal hones. 

The neurologic examination revealed uo abnormal findings. The systemic exam- 
ination was likewise negative except for the elicitation of a blood pressure of 
160/100. Laboratory studies were not of particular significance, except for the 
presence of 1 plus albuminuria. X-rays of the skull disclosed an area of about 
3.5 by 4.5 cm. in the left posterior temporal region, where the irregular calcium 
distribution suggested a local lesion not unlike chronic osteomyelitis. Pneumen- 
cephalographic studies disclosed a normal looking ventriculosubarachnoid system. 
Electro-encephalography revealed “essentially normal activity except for intermit- 
tent disturbances arising from the left temporoparietal area.” (Rhcinbergor). 

Operation . — A left lateral craniotomy was performed on April 27, 1942, under 
•avertin and local anesthesia. The brain appeared degenerated. Some meningoccre- 
bral adhesions and leptomeningeal cysts were present. After preliminary excision 
of the old fracture area and separation of the underlying adhesions, an encepha- 
lomyopexy was carried out. 

The patient’s postoperative convalescence was uneventful. Seizures have thus 
far not recurred. 

The features in this case underlying the favorable result secured 
were similar to those of the other favorable cases, namely, sti'ictly focal 
manifestations based on a grossly abnormal brain lesion. 

Case 5 (Patient A. B. ; J, H. B. No. 249181). — A 15-year-old boy was admitted 
to the hospital with a history of right-sided convulsive seizures of four years’ dura- 
tion. Efforts to control the paroxysms with anticonvulsant medication, including 
phenobarbital and dilantin, were unavailing, seizures continuing to occur at about 
weekly intervals, interspersed with more frequent episodes resembling petit mal. 

Significant in the past history was a skull fracture at the age of 6. The patient 
at birth had been a breech presentation and was delivered following a difficult labor 
lasting three days. It was believed that he sustained an intracranial hemorrhage. 
The patient was subject to neonatal convulsions which cleared up after two years 
and did not recur until more recently. Weakness of the right limbs was first noted 
at about 0 months of age. 

Positive features on neurologic examination included an obvious psychomotor 
retardation (psychometric study revealed an I.Q. of 63), a palpable bony deformity 
of the left temporal region, right central facial Weakness, slight weakness and 
atrophy of the right limbs, rigid deep hyperreflexia, and hemiliypesthesia. 

Significant in the work-up were the pneumencephalographic studies which dis- 
closed a left lateral porencephaly in association with the old skull fracture and 
secondary skull changes. 

Operation . — A left lateral craniotomy and encephalomyopexy were carried out 
on May 27, 1942, under general anesthesia. Multiple loculated leptomeningeal cysts 
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Case 2 (Patient II. B.; .T. II. B. No. 242057). — A 54-year-old man was admitted 
to the hospital on March 13, 1942, with a history of left-sided convulsions, involving 
the face and limbs, occurring every two to four weeks despite medication with 
dilantin and phenobarbital. Most of the seizures were associated with unconscious- 
ness. In 1932, the patient had been operated upon for a subdural hematoma situated 
over the right .cerebral hemisphere. Convulsions made their appearance about three 
months following operation. Pneumenccphalographic studies carried out in 1934 
and again in 1938 suggested the possibility of meningeal adhesions and right hemi- 
spheric atrophy. A trephine opening subsequently made over the right temporal 
region revealed no evidence of a recurrent subdural hematoma, but disclosed men- 
ingoccrebral adhesions. 

The neurologic examination revealed a paucity of positive findings. These in- 
cluded moderate psyehomotor retardation and generalized hyperactivity of the tendon 
reflexes, greater on the left than on the right. 

Operation . — A secondary right lateral craniotomy and encephalomyopexy were 
carried out on March 19, 1942. The brain at operation was the site of multiple, 
pitted, scarred, and atrophic areas. Most were discolored yellow and in some regions 
were in the nature of leptomcningeal cysts, which were evacuated where possible. 
Meuingoeercbral adhesions were present in a few places; they were not excised. 

Postoperativcly, the patient had an essentially uneventful convalescence. Seizures 
have not recurred. 


This patient had a gross focal lesion underlying his jacksonian 
seizures. The lesion itself was not treated directly, it being much 
too extensive to justify excision without hazarding paralysis. The 
freeing of meningoeerebral adhesions did not seem sufficient to explain 
the subsequent relief, as they accounted for only a small part of the 
local pathology. 

Case 3 (Patient S. M. ; J. H. B. No. 245910). — A man aged 29 years entered 
the hospital March 31, 1942, because of convulsive seizures of not quite three years' 
duration. Paroxysms were of a major, generalized character associated with urinary 
incontinence and tongue biting. There were no focal features to the attacks. Such 
seizures occurred as frequently as three to four times daily when medication was 
not being taken. With medication paroxysms averaged about two to threo a week. 
They were interspersed with episodes of momentary unconsciousness occurring fre- 
quently in the course of the day. 

Of interest in the post history was the development of a right-sided deafness 
and facial weakness following a mastoidectomy in childhood. 

The neurologic examination apart from the old right-sided deafness and facial 
weakness disclosed a generalized hyporeflexia, with reflex activity somewhat greater 
in the right limbs than in the loft. Laboratory studies were without significance. 
Pneumencephalography revealed a slight enlargement of the right lateral ventricle 
suggesting atrophy in the surrounding brain substance. 

a Qpcration. A right lateral craniotomy with encephalomyopexy was carried out 

v April 10 1012, under general anesthesia. The brain at operation did not 

appea wa3 discharged two weeks following operation. Thereafter, seizures 

16 'or Generalized character, without focal features, reappeared. They wore 
of a maj > intense, and of shorter duration than formerly. In contrast to 

less frequen ‘ f tw0 to three times weekly, seizures did not occur more 

the former frequemj 

lv than once a "eck. 

ould not considered one of material improvement, fn 
This case co represented u poor selection, inasmuch as the 

retrospect, it 1 


frequently 
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In this connection it is noteworthy that in the experimental animals 
of German and Taffel 6 “the grafts were solidly attached to the underly- 
ing brain by a vascular layer of fibroblasts which gradually assumed 
the characteristics of adult connective tissue cells.” Nevertheless, it is 
perhaps significant that although the animals were abserved for periods 
up to twenty months, convulsions were noted in only one case. They 
occurred in the contralateral face, neck, and arm four days following the 
application of a temporal muscle graft, a time at which neither collateral 
circulation nor appreciable scar formation were yet present. Autopsy 
of this animal revealed no apparent cause for the convulsions on gross 
examination. The paroxysms were attributed to excessive operative 
trauma rather than to the formation of a fibroglial sear. 

It is thought that the beneficial effects thus far noted are attributable 
to enhancement of the cortical vasculature for reasons already alluded 
to. In the absence of actual visible musculoeneephalie anastomosis such 
proof would have to await histologic or possibly angiographic studies. 
For the time being the possibility of its presence is based on the ex- 
perimental data of German and Taffel® and knowledge of the accidental 
production of such anastomoses occasionally resulting from compound 
skull fractures. That the mere presence of the contiguous muscle flap 
has not introduced a fortuitous physicochemical factor is deducible 
from the studies of Block, 3 who reported on the transplantation of a 
wide variety of foreign bodies into the defect left by cicatricectomy. 
Paraffin, celluloid, muscle, fat, and fascia were all used to no avail. 
Not only did these fail to influence seizures, hut they also failed to 
inhibit the reformation of scar tissue. 

SUIMAKY AND CONCLUSIONS 

1. Beported herein is the treatment of five cases of focal epilepsy 
by eneephalomyopexy. 

2. The theoretic considerations upon which this procedure is based 
are discussed. 

3. Of the five eases operated upon, three have not been subject to 
recurrence of seizures thus far. In the remaining two cases the fre- 
quency and intensity of the paroxysms have diminished only moderately. 
Those in which seizures did not recur shared the common denominator 
of focal manifestations corresponding to a gross posttraumatic cerebral 
lesion, of a cystic degenerative nature. 

4. Two patients who had preoperative hemipareses corresponding to 
their cerebral lesions believed themselves to he stronger in the impaired 
limbs postoperatively. This was not borne out by objective study 

o. The data at hand do not, as yet, permit final conclusions as to the 
efficacy of this procedure in selected cases of focal epilepsy. They merely 

suggest that it may have some merit and indicate the advisabilitv of 
continued study. ' 
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were found in the temporal region, associated with overlying thinning, scalloping, 
and lateral profusions of the temporal bone. The subarachnoid space was distended, 
the brain itself in this region was atrophic and discolored yellow. Some meningo- 
cerebral adhesions were present. A few of these were freed but no attempt at 
cicatricectomy was made. Some of the leptomeningeal cysts were evacuated. The 
area of deformity in the squamous temporal area, measuring about 3 by 2 by 2 cm., 
was removed. 

The postoperative course was uneventful. The patient was discharged on the 
sixteenth postoperative day. Seizures have thus far not recurred. The slight weak- 
ness of the right limbs appears to be unchanged, although the patient believes them 
to be stronger than formerly. 

As in the other eases where the results were favorable, there existed 
in this case the common denominator of strictly focal manifestations 
based on a grossly abnormal cerebral lesion. 


COMMENT 


Of the five eases operated upon, three have not been subject to recur- 
rence of seizures during the period of followup thus far, five to seven 
months following operation. In the remaining two cases the frequency 
and intensity of the paroxysms have diminished appreciably, but it is 
uncertain whether this particular improvement is to be attributed to 
operation. The postoperative medication in all instances was maintained 
as close as possible to that which failed to control seizures preoperatively. 

The operation was well tolerated in eveiy instance. No resulting 
impairment of function was observed. Two patients who were henu- 
paretic prior to operation believed themselves to be stronger in the 
impaired limbs postoperatively. This was not borne out by objective 
study. 

Of interest is the type of case which responded most favorably. 
Those in which seizures did not recur shared the common denominator 
of focal manifestations corresponding to a macroscopic post-traumatic 
cerebral lesion, such as cystic degeneration. In each instance the site 
of the lesion and its extent were such as not to justify surgical removal 
without the expectation of possible resultant impairment of function 
and appreciable reformation of scar tissue. The two cases in which 
convulsions recurred did not present comparable lesions at operation. 
In one the brain appeared normal. The pattern of the seizures, further- 
more, was not focal. In the other, the external appearance suggested 
'slight atrophy, and palpation indicated a possible intrinsic scar. Al- 
though the seizures in this case were of a focal pattern, repeated clectro- 
10U phalographic studies indicated a diffuse dysrhythmia over both 


^TlT question naturally arises as to whether myopexy does not sub- 
• one epileptogenic scar for another. It appears probable that 
stitute ^ w jjji e it does encourage scar formation, carries with 

the muse e D c j rc T u j a jj otl to differentiate it pathophysiologieally from 

it sufficien ■i n to"enie lesions, which are not quite so vascular, 

known atrophic epitepio 0 



THE CRANIAL SERIOGRAPH AND ITS UTILITY IN 
NEUROLOGIC RADIOLOGY FOR CEREBRAL ANGIOGRAPHY 

J. Ma. Saxchkz-Perez, M.D., Mexico, D. F. > 

(From the Institute of Xcuropsychiatry) 

I N PREVIOUS publications I have described in detail the modern 
technique employed (or latterly used) for obtaining complete cerebral 
angiographies. Complete angiography consists of examinations of three 
roentgenograms — arteriography, phlebography of the first and phle- 
bography of the second phase. 

Until recently we have left the technique of talcing complete cerebral 
angiography up to the judgment of the individual examiner. I, at the 
onset and for some time thereafter, have employed the “escamotcador” 
conceived by Professor E. Moniz, and without a doubt would have 
continued to employ it if I had remained at a permanent location or 
institution. Because of the large size of the escomoteador, its difficulty 
of transportation precluded its general use. The importance of taking 
three roentgenograms at intervals of one and one-half seconds between 
each after the moment of completing the injection, is paramount, because 
although in many eases the arteriography alone is adequate to establish 
the diagnosis, frequently pldebography of the first phase or phlebog- 
raphy of the second phase is indispensable to establish an absolute 
diagnosis as we will see subsequently. 

I wish to emphasize again the fact that with a single injection of a 
radiopaque substance (thorium dioxide or diodrast) it is possible to 
obtain the three aforementioned plates using our technique and our 
eranieal seriograph. Unfortunately, people still do an incomplete an- 
giographic exploration. In a recent publication of Gross 1 still only 
ai'teriography is mentioned. 

The model of the “seriograph,” which we have been using these 
past few years and which will be described later, has as its principal 
characteristics a portable size adaptable to any x-ray table, and a smooth 
and certain function. This model for cranial angiograms has provided 
ample proof of its utility, maneuverability, ease of function, and port- 
ability during the past five years which I have emphasized in the 
several clinics in which I have worked recently. The cranial seriograph 
is constructed to be used with 10 by 32 x-ray film and is made up as a 
box 15 by 12% by 4 inches, the inside of which contains vertical springs 
of steel and a platform of two horizontal frames which articulate at four 
points, the latter moving freely on the bottom of the ease by a system 
of rounded edges. On this platform are placed three identical trays 
(cassette carriers) measuring twelve and seven-eighths and fourteen 
and tw o-eighth inches, inside of which are placed thin sheets of lead. 

Received for publication, Oct. 23, 1942. 
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Fig. 2. PiS- 3. 

Pig. 2.— The cranial seriograph showing the combination o£ springs and cross arms 
with rollers which provide steady, precise, smooth function. 

Pig. 3. — The cranial seriograph loaded and just prior to being closed and placed 
on the x-ray table Obseite how the trays and cassettes are in perfect equilibrium. 
The covei can be closed easily without requinng compression. 
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The cassettes are placed over the lead sheets, which should be equipped 
with reinforced metallic edges. 

As the external measurements of the cassette 10 by 12, which are pre- 
ferred for these purposes, vary according to the particular commercial 
source, our cranial seriography can be used with any standard cassette, 
provided there are employed as needed small strips of wood of various 
sizes to provide immobility of the cassettes in the tray. 



_ „ i The cranial seriograph, showing- all the different parts of which it la 
The cover is foinied by a Lysholm gihl. The box shows the veitlcal 
constiuctea. . | platform shows the horizontal springs and articulated arms. 

T P he n t S ray and cassettes Ire in po.it.on. 

The cover of the box has on its superior surface a Lysholm grid pro- 
t t d within by an aluminum plate of the same dimensions. The vertical 
CC ' os are two inches in height but no longer function when tray No. 
SI31 Tits cassette flip out, while the horizontal frames remain function- 
} an 1 t j ie articulated lever, and act on the second and third eaa- 
ing, ue er of the springs and their action are adjusted in such 

settes. ij. equilibrium and a constant balance between the in- 

a form to pel t j ie j r ca .ssettes, even when they are slipped out one 
dividual trays w 

by one. -nm-anli is placed at the extreme end of the x-rav 

The cranial serio- i 
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center of the seriograph, which corresponds with the center of the 
film. Once t his lias been clone the patient is placed on the table in the 
supine decubitus position and the patient’s head rested on the cranial 
seriaiograph so that the side of the head is on the instrument. It is 
advisable to place a pillow under the shoulder on the side one desires 
to use for the injection. This facilitates securing the posture sought. 
A band maintains the head in position. After exposing the common 
carotid, the injection of 6 c.c. of the radiopaque substance is made (dio- 
drast or thorium, dioxide) and at the same instant this has been completed, 
the initial film is exposed for 0.2 second. This is the arteriogram. The 
No. 1 tray and its cassette are then slipped out, and remain protected 



Yig. T — Cerebral tumor of posterior part of parietal lobe. In this case the phlebo- 
gram of first phase (second film of the complete angiogram) has necessary to estab- 
lish the diagnosis. The arteriogram and the plilebograro of the second phase had 
a normal appearance 

by the lead box. After one and one-half seconds have elapsed, the second 
film is exposed for 0.2 second. This is a phlebogram of the first phase. 
The No. 2 tray and its cassette is then removed and comes to lie over the 
No. 1 under the lead protector. After an elapse of an additional one and 
one-half seconds, the third exposure is taken. This is the phlebogram of 
the second phase The third tray is then removed, all are developed, 
and one has the complete angiogram 

In order to complete this work, I will present three eases which 
illustrate clearly the necessity of employing complete cerebral angiog- 
raphy in order to obtain a complete exploration. 

In the first ease one can observe the lesion in the arteriogram phase, 
the first plate of the complete angiogram. It is a tremendous aneurysm 
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table and equidistant from each edge, loaded with three cassettes. The 
end of the apparatus for receiving each exposed cassette is proteced In' 
a lead covering as depicted in Pigs. 4 and 5. The x-ray tube is centered 
at a distance of forty inches so that the central rays pass through the 



Fig. 5. — Panoramic view of cranial senograph m position with the tube adjusted 

and leudy foi use 
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THE SUPPRESSION OF INFECTION IN RECENT WOUNDS BY 
THE USE OF ANTISEPTICS 

Thomas Beatii, M.D., F.R.C.S. (Eng.), Richmond, Va. 

( From the Department of Surgery of the Medical College of Virginia ) 

I AM well aware that ihcre is a strong group of surgeons who feel that 
no antiseptic should be vised in recent wounds and I understand 
that this view is held by them because they consider that no antiseptic 
will kill all the bacteria in a wound and that if any antiseptic is used 
it will so damage the tissues of the wound that the natural body de- 
fense is less able to cope with the remaining organisms than if the anti- 
septic were not used. In order to refute at once the existence of a gen- 
eral law that bacteria cannot be critically damaged by chemicals with- 
out damaging the tissues more, 1 would point out that the sulfonamides 
so damage bacteria that they cannot feed themselves and reproduce and 
are thus rendered an easy prey for the attacking antibacterial forces 
of the tissues, and penicillin appears to be both bactericidal and harm- 
less to tissues in bactericidal strengths. These examples make it obvious 
that it is not necessarily hopeless to find a chemical which will damage 
or destroy bacteria in a wound and still leave the tissues essentially 
unharmed. 

Because there are new antiseptics being offered by tbe drug bouses 
it seemed desirable to inquire whether any of them presented qualities 
which would make them more likely to be useful in suppressing infec- 
tion in wounds than the antiseptics which many surgeons have decided 
are useless. In war tin's problem seems particularly important. 

An antiseptic to be effective for our purpose should probably possess 
the following capabilities : 

1. In the strength used it should kill germs if diluted at 
least two to four times more. 

2. It should retain most of its germicidal ability in the pres- 
ence of serum, blood, and crushed tissue, as well as miscel- 
laneous dirt. 

3. The essential chemical should not react with the tissue 
juices or blood and thereby be rendered inert. 

4. It should not be a protein coagulant like phenol because on 
application a scum of coagulum might bridge over microscopic 
pockets and prevent the deeper penetration of the antiseptic. 

5. It should interfere to a minimum with the power of the 
blood by its leucocytes and the tissues to deal with organisms 
not killed by the antiseptic. 

Received for publication, Oct 2. 1342. 
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oL’ the inteuml carotid. Tlu* phlebogranis of (lie liist and second phases 
were normal. 

In the second ease the angiogram shows an arteriogram difficult to 
interpret hut the phlcbogram of the first phase ( the second film of the 
complete angiogram) shows very clearly a shadow corresponding to a 
cerebral tumor of metastatic carcinoma type, a fact corroborated bj 



, ~ g parietal meningioma of the right side In this to^the estab- 
lishment V^theViagnlLs 1 "^ of the flist phase weie 

less demonstiatne , , 

io „,. nn ., r following an operation. This tumor corresponded in size witn 
r S ^in^e phlebogram of the first phase. The phlebogram 
of second phase was essentially normal. The final one of the three cases 
1 e S een on the University neurological service. It was a menin- 
The arteriogram and phlebogram of first phase were both essen- 
s 10111 ' , but t he phlebogram of tlie second phase (third film of the 

^ the ^ v “ ,,lar 

meningeal tl111101 ' , eases aie sufficiently eloquent to emphasize the 
I believe - lin „. the tluee phases of cerebral circulation with 

importance o g e ° c 0 £ ra diopaque substance (diodrast or thorium 

a singl® injec mn accomp y s h by this method a complete angiographic 

exploration. kes tIl ; s object possible and simple. 

Our seriograpn 
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THE SUPPRESSION OF INFECTION IN RECENT WOUNDS BY 
THE USE OF ANTISEPTICS 

Thomas Beath, M.D., F.R.C.S. (Eng.), Richmond, Va. 

(From the Department of Surgery of the Medical College of Virginia) 

I AM well aware that there is a strong group of surgeons who feel that 
no antiseptic should be used in recent wounds and I understand 
that this view is held by them because they consider that no antiseptic 
will kill all the bacteria in a wound and that if any antiseptic is used 
it will so damage the tissues of the wound that the natural body de- 
fense is less able to cope with the remaining organisms than if the anti- 
septic were not used. Til order to refute at once the existence of a gen- 
eral law that bacteria cannot be critically damaged by chemicals with- 
out damaging the tissues more, I would point out that the sulfonamides 
so damage bacteria that they cannot feed themselves and reproduce and 
are thus rendered an easy prey for the attacking antibacterial forces 
of the tissues, and penicillin appears to be both bactericidal and harm- 
less to tissues in bactericidal strengths. These examples make it obvious 
that it is not necessarily hopeless to find a chemical which will damage 
or destroy bacteria in a wound and still leave the tissues essentially 
unharmed. 

Because there are new antiseptics being offered by the drug houses 
it seemed desirable to inquire whether any of them presented qualities 
which would make them more likely to be useful in suppressing infec- 
tion in wounds than the antiseptics which many surgeons have decided 
are useless. In war this problem seems particularly important. 

An antiseptic to be effective for our purpose should probably possess 
the following capabilities: 

1. In the strength used it should kill germs if diluted at 
least two to four times more. 

2. It should retain most of its germicidal ability in the pres- 
ence of serum, blood, and crushed tissue, as well as miscel- 
laneous dirt. 

3. The essential chemical should not react with the tissue 
juices or blood and thereby he rendered inert. 

4. It should not be a protein coagulant like phenol because on 
application a scum of eoagnlum might bridge over microseopie 
pockets and prevent the deeper penetration of the antiseptic. 

5. It should interfere to a minimum with the power of the 
blood by its leucocytes and the tissues to deal with organisms 
not killed by the antiseptic. 
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(i. It would Ik* desirable it' tin; antiseptic could cross cell 
membranes aiul kill organisms which had somewhat invaded the 
tissues. It seems probable that no antiseptic has this power to 
a useful decree. 

7. It should be nonselective toward various bacteria. All the 
antiseptics to be considered are fairly nonselective but the coal 
tar derivatives, dettol and amphyl, like phenol show minimum 
selectivity. 

8. The produet should he sufficiently inexpensive that one 
will feel no hesitation in using as much as desired. 

!). ft should be of proved clinical value. 


The following antiseptics were inquired into to see how well they 
fulfilled the above requirements. (A summary of the study of the 
literature is here presented, a more complete review of which is given 
elsewhere. 1 ) They are: 1 per cent aqueous iodine (Lugol’s solution 
diluted 5 times), 5 per cent dettol (Dett), *•» per cent amphyl, 1/500 
metaphen. 1/3000 i'urmerane. 1/1000 zephiran, 1/1000 merthiolate, 
1/1000 proflavine (and aeriflavine and 2:7 diaminoacridiue hydro- 
chloride). 

The order in which these were named represents roughly their germi- 
cidal power in terms of which can be diluted more and still kill bac- 
teria. It is probable that none kill spores in the time they could prac- 
tically be used in treating a wound. The available data make it im- 
possible to place furmerane, zephiran, metaphen, and merthiolate with 
exactness. 

I shall now consider each of these individually. Since my conclu- 
sion is that iodine, furmerane, zephiran, metaphen, and merthiolate do 
not seem to hold much hope I shall discuss them first. 

Iodine 1 per cent (Lugol's solution diluted 5 times) is a powerful 
germicide in an aqueous medium and can kill germs if diluted about 
fifty times. However, it combines rather freely with almost any organic 
material and is largely inactivated by blood. It coagulates proteins and 
four times greater strength is necessary to kill bacteria than leucocytes 
in the presence of fifty per cent blood. It is therefore not likely to be 
a useful antiseptic. 

Merthiolate, Metaphen, and Furmerane are organic mercurials and 
though furmerane has just recently been released* and there is as yet 
little” information available about it, it seems proper to group it with 


the other two. 

j u a general way the germicidal activity of the solutions of mertlno- 
and furmerane recommended for use are about equal while that 
k\ te al . so mewhat greater. Generously regarded, the mercurials 
ot ‘ ji luted five to ten times and kill Staphylococcus aureus in ten 

;;; 
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Tlie mercurials in other ways fall down seriously. They are largely 
inactivated by the presence of blood and serum. They appear to be 
highly toxic to tissues and especially to leucocytes. This great tissue 
toxicity nullifies any values they may have as bacteriostatic agents for 
the mere temporary checking of growth is of minimum value because 
if live leucocytes are not promptly forthcoming the organisms soon be- 
gin to grow again. 

The mercurials then would seem to be unreliable for this purpose. 
Zephiran is a nonmercurial antiseptic of somewhat greater germicidal 
power than merthiolate and metaphen when organic material is absent. 
It appeal’s to be subject to the same disadvantages as the mercurials. 
Its potency is tremendously decreased by the presence of blood or 
serum. It precipitates with serum or laked blood and is the only one 
which does. It is toxic to leucocytes if diluted to 1/100,000 (i.e. the 
1/1000 solution diluted 100 times). It therefore seems that it would 
be unreliable for our purpose. 

Dettol 5 per cent (Dett) is made by diluting to one to twenty dettol as 
supplied by the manufacturer.* In a 5 per cent solution it has strong 
germicidal power (i.e. somewhat greater than the mercurials) and this 
is only moderately decreased by the presence of large amounts of organic 
matter. The essential chemical is not dissipated by combining with 
tissue proteins. It does not precipitate proteins. It is almost wholly 
nontoxic to fixed tissues but is probably toxic to leucocytes. A wound 
can be soaked for an hour without gi-ossly damaging the tissue. The 
material is a solution of a synthetically modified cresol. It would seem 
to be worth considering the use of 5 per cent dettol for application to 
wounds. 

Amphylf 14 per cent is a product which is somewhat similar to dettol 
but has an added ingredient. It is recommended by the maker that 
it be used in % per cent strength and this has less reserve germicidal 
power than 5 per cent dettol. Until information is available that it 
can be used successfully in less dilution than i/> per cent strength and 
until more is known of the toxicity to tissues the 5 per cent dettol 
should be the preferred product. Amphyl may later, however, be shown 
to be the equal or superior product and is worth watching. 

Acridines (Proflavine, 2:7 diaminoaeridine hydrochloride) are more 
familiarly known as flavines and the best known is aeriflavine. Used 
in 1/1000 solution these chemicals are slow but sure germicides with 
the ability, about equal to the mercurials, to kill organisms on further 
dilution if given time for their action. They are bacteriostatic in much 
weaker dilutions than they are quickly bactericidal. While they do 
not completely sterilize a culture of organisms quickly, they tremen- 
dously reduce the bacterial population in reasonable time and appear 
to decrease the virulence of the unkilled bacteria, making them more 

Sales* CorpM ^Musfard^treet^K^cIieste^ 0 ???^. LlmUed ’ Montreal - °r Atlantis 

tOlfered by Lehn & Fink of Bloomfield, N. J. 
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susceptible to attack by leucocytes. This point about the bacteriostatic 
action may be an important difference from that of the mercurials. 
The germicidal power is not materially influenced by the presence of 
scrum or whole blood. Proflavine and 2:7 diaminoacridine appear to 
be no more toxic to tissue than normal saline solution, while acriflavine 
is somewhat toxic. Weak but bactericidal strengths interfere to a 
minimum degree with the activity of the leucocytes. The flavines have 
been shown to be of some definite value in preventing infection in ex- 
perimental wounds in laboratory animals. As acriflavine is slightly 
more toxic than proflavine and as 2:7 diaminoacridine does not seem to 
be available in this country, among the flavines proflavine is the one 
of choice. 


SUMMARY 

Laboratory considerations would lead to the choice of 5 per cent 
dettol (Dett) or proflavine sulfate 1/1000 as being antiseptics with some 
hope of them being useful in suppressing the development of infection 
in wounds. Dettol (Dett) is a rapid acting germicide not grossly toxic 
to tissue but probably toxic to leucocytes, while proflavine is a slow 
acting germicide with great bacteriostatic powers and essentially non- 
toxic to tissues. 

Being unable to find clinical reports in which these substances were 
given a chance to be effective, I began a clinical experiment to test them 
out. Lacerations of the hand have the features that : it is particularly 
desirable to get healing by first intention ; they may require burying of 
suture material to suture tendons or nerves; the amount of soiled tissue 
which can be sacrificed by debridement is limited, and the blood supply 
of some of the remaining tissues may be poor. I therefore felt that 
wounds of the hand would be particularly suitable clinical material for 
a test. The completed test is to consist in soaking wounded hands in 
dettol or proflavine for three-fourths hour with the precaution that 
gross dirt and blood clot are removed and that the antiseptic reaches 
all parts of the wound. In practice I infiltrate the tissues around the 
wound putting the needle through sterilized clean skin at a distance 
from the wound edge, apply a tourniquet to the forearm to completely 
close the arteries, clip the fingernails short, wash the wound completely 
free of blood clot and macroscopic dirt using a sterilized brush and 
dettol solution, then soak the part for forty-five minutes and suture the 
wound No debridement is done except where obviously nonviable 
ue is present. If the patient does not tolerate the tourniquet well I 
it at about half time and reapply it. I usually scrub out the 

remove k accumuIates f rom venous oozing two to three times during 

c ° w | ar j j iave n ot tried the proflavine; the first cases with 

done in August, 1941.® 


the soak, 
dettol were 

— — — — ' . a bie to complete the experiment in the near future, there- 

Bn not expect t° shown by a limited number of cases should be presented 
in the matter - 
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Some hand injuries have not been treated by me in this experiment 
for I have .felt that they were of no use in determining the value or the 
lack of value of the antiseptic method. The eases which were not ac- 
cepted as test eases are: 

1. Those in which the wound could not be closed, i.e., cases 
with loss of skin in which surgical judgment indicated that, 
healing by granulation should be allowed. In such cases I 
could see no way to tell whether the antiseptic was of any value. 

2. Superficial wounds which required no suturing. Here 
there is no question of locking bacteria in the deptiis and thus 
the injury is not one in which a judgment could be formed. 

3. Puncture wounds. Our antiseptic could not possibly pene- 
trate in these cases and thus if the case healed without infec- 
tion no credit could he given and if it did not heal no discredit 
could be given. I have accepted, however, all (which total only 
a few) of the deep penetrating wounds which had a narrow 
mouth. The mouth in these tended to close and I had to hold 
it open during the soak by loose gauze packing. There is some 
experimental evidence available supporting the contention that 
the potential infection of puncture wounds can be favorably 
influenced by infiltration of the track of the wound and sur- 
rounding tissues with some of the acridine antiseptics (pro- 
flavine, aerifiavine, or trypaflavine). I have not, however, 
observed any of these cases. 

The severity of the case has been no bar to their acceptance; in fact, 
the cases in the series are, on the whole, a little more severe than the 
average emergency room case requiring suture, for every now and then 
I would find a ease which required suture for which I had not been 
called and find that the reason I had not been called was that the 
intern did not think it was a very serious ease. 

All but three of the eases were treated in the emergency room. It 
seemed impractical to insist on the elaborate technique of caps, masks, 
and gowns during the handling of these cases and I am inclined to 
think that the antiseptic clinging to the cut surface of the wounds is 
able to deal with any droplet infection, which may occur. On this point 
I feel that these cases have been handled with somewhat less expense in 
operating room equipment than are those for which a more elaborate 
operating room set up is maintained. One of our emergency rooms 
is well equipped while the other, for colored patients, is crowded and 
poorly equipped. In the summer time in this one we keep a fan blowing 
on the operating field to keep the flies off! About two-thirds of the 
patients were treated by interns; some were interested and tried to 
carry out instructions carefully, some were the opposite. 

In all there have been 100 cases. Eighty-six of these wounds healed 
by primary union in the most rigid sense. By this I mean that there 
was no pus whatever associated with the wound, thex'e was no redness 
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or iiuluration ot t lie marginal skin, no soreness and no head of pus 
associated with I lie stitch holes. One more ease was wholly as successful 
except that a little redness occurred in the marginal skin which lasted 
a tew days and then uneventfully subsided. In three cases a bead of 
pus oozed from one or two stitch holes on removal of the sutures and 
one of these three had a separation of the wound one-fourth inch long 
extending through the thickness of the skin but not deeper and the 
separation healed promptly (this ease was not treated until more than 
twelve hours after the injury and no tourniquet was used). In one 
case the healing was equally successful except that a silk suture which 
had been used to suture the flexor tendon of the finger at the terminal 
interphalangeal joint worked itself out a year after the primary treat- 
ment. In two other eases, both of which involved jagged lacerations 
into the terminal interphalangeal joint, a small amount of pus lav 
between raised cornified epithelium and the deeper epithelium in the 
area of one part of the wound. This was found when the wound was 
dressed for the first time several days after the injury. The deeper 
part of the wound was healed and after the surface epithelium was 
trimmed away no further complications occurred in the eases. I am 
interpreting the situation in these eases as follows: that a blister of 
serum collected under the cornified epithelium winch became infected 
through the stitch holes after the deeper part of the wound had become 
effectively sealed off. No deep suppuration occurred and since these 
wounds opened into the joint it would certainly not be missed if it had 
occurred. Good movement in the joint in both cases was developing 
rapidly when last seen. In one other case which required suture five 
wounds had been inflicted by contact with a powerful electric fan; 
one-half inch length of one of the wounds gaped open to a depth a 
little greater than the thickness of the skin on removal of the sutures; 
this promptly healed by second intention and as this was part of a 
wound which formed a flap of skin and as no inflammation or pus forma- 


tion occurred under the flap and there was no inflammation or pus 
formation at the gaping portion until some days after removal of the 
sutures it seems likely that infection had been successfully controlled 
in the case but there remains the question of whether the antiseptic had 
had some deleterious effect on the healing process. If these eight eases 
are to be considered as successful from the point of view of prevention 

of infection and I think they ought to be so considered — there remains 

lv 6 cases out of the 1 00 in which infection occurred. None of these 
should necessarily be considered as failures, however, for the 
tment planned was not adequately given in essential features. It 
• 1 Questionable whether they should be included in the series but 

is ev en eres j. 0 f aC eurate reporting I decided before the treatment was 
m t ie . £j ie resu it known whether to include a ease in the series or not. 
given an Qn t j ie p 0 i n t of whether adequate treatment was given 

To be convmc » ving six cases in more detail : 

I shall present tne 
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Case 1. — C. S., iu the ninth case in the scries, was treated Aug. 27, mil. The 
tip of the middle huger had been crushed between the street curb and a heavy 
wheel. The pulp of the finger was burst on each side. The wounds extended on 
each side to very near the nail edge. The nail was long and considerable gross 
dirt was under it. The finger was soaked in the solution for forty-five minutes and 
the wound sutured. The nail was not clipped short and the gross dirt was not 
removed from the finger. I am told that a bursting injury of the pulp such as 
tills will show, if examined, that the surface wound communicates by a continuous 
track of torn tissue with the depths of the pulp. It is not hard for me to imagine 
that a suction may have followed the bursting which could have sucked bacteria 
deeply enough into the wound to be beyond the depth of penetration of the anti- 
septic. Furthermore, with gross dirt left under tiie fingernail and around the nail 
it would not be surprising if some were picked up on the suture material, thus 
contaminating the wound during suturing. (No one expects antiseptics to con- 
sistently penetrate gross dirt and kill bacteria in the center of clumps.) The in- 
flammatory process took three days to develop and was never severe. 

Case 2. — T. D., in the fourteenth case in the series, was treated Aug. 2S, 1941. 
There was a jagged nail tear iu the left hypothenar area. It was inflicted during 
a fall while a house was being demolished. The man, during the fall, tried to 
catch a beam and in doing so caught his hand on the old naii. Penetration was 
deep and the wound margin tended to fall together. No infections had been seen 
when this patient came for treatment and I took chances that I ought not to have 
and which I had specifically planned not to take. This injury was treated by simply 
immersing the hand in the bath and then suturing the wound. The error in this 
case was that arrangements were not made for the antiseptic to penetrate to the 
depths of the wound. I should have applied a tourniquet; then thoroughly removed 
the blood clot to the furthest depth to which the nail had gone; I should have 
visualized the pocket and should have seen to it that it did not refill with blood 
clot. (Looking back I can see that it was absurd to have expected the antiseptic to 
penetrate anywhere near to the bottom of the laceration iu this case and I therefore 
feel that it should be excluded as a test case.) The infection was not a severe 
one but was severe enough to require wide opening of the wound. 

Case 3. — A. AY. H., in the twenty -ninth case in the series, was treated Oct. a, 
1941. This wound was not soaked for as long a time as usual. It was a laceration 
one inch long, through the skin on the dorsum of the web of the right hand. Tim 
man was in a fight and hit a negro on the face; lie thinks liis hand hit a tooth. 
(I did not know the cause of the injury till after the treatment.) There was some 
tendency to the formation of a flap of skin. Antiseptic solution was squirted over 
tile wound with an asep to syringe for fifteen to eighteen minutes (instead of the 
forty-five minutes usually used for soaking). A little oozing of blood was occuriug 
and no effort was made to control it. The case subsequently was taken over bv 
anotlier physician who told me that he had to remove a stitch or two but that 
there was no other trouble and that healing was prompt. Whether a more successful 
outcome would have been obtained by a more prolonged and more efficient exposure 
to the antiseptic I cannot say. 

Case 4. — C. S., in the sixty-second case in the series, was treated Jan. 13 1942. 
The wound was an inch long, cut by an axe into the extensor side of the meta- 
carpophalangeal joint of the left index finger. The extensor tendon was completely 
divided and an opening of about one-fourth inch length extended into the joint 
There was moderate oozing of blood. I discussed the treatment with one of our 
interns who had not used dettol before. I asked him to apply a tourniquet on 
the forearm, to clean out the blood clots with a scrubbing brush, to soak the hand 
for about five minutes, to irrigate the joint with the fluid for about twenty minutes. 
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;uul then furtlu'r honk tin* Iinntl for twenty minute.-! and suture the tendon and 
.skin. T found out Inter however that lie relegated the job to someone else, that a 
tourniquet was not used (and this seems essential), and that the irrigation into the 
joint was done lor about one and one-fourth minutes (and I am not sure that the 
joint was properly irrigated for this is not easy to do through a small opening 
and the rest of the earn given appears to have been slothful). 

The sutures were removed on the eleventh day and there was no redness, swelling, 
pain or other evidence of infection. On the twenty-third day, however, the injured 
joint became sore and on the twenty-sixth day ( Feb. 10) pus was oozing out from 
the joint, with a moderately acute inflammatory process going on. (I note in 
icports of experiments with laboratory animals that where antiseptics are not com- 
pletely effective they may delay and minimize the infectious process.) 


Cask 3. — 3. T., in the ninety-second case in the series, was treated July 14, 1942. 
An inmate of city jail (because she refused antisyphilitic treatment) cut the pabn 
of her left hand on a broken soft drink bottle. Tendons of two fingers were cut 
through a skin wound about three-fourths inch long. The ease was treated wholly 
by the interns without supervision. A tourniquet was applied, procaine infiltration 
of the tissues arouud the wound was done, and the wound scrubbed out. After 
soaking for three-fourths of an hour the wound was enlarged proximally to reach 
the tendons and the suturing done. It is to be pointed out, however, that a wound 
in the palm, cut with glass deeply enough to sever tendons as in this case and 
still have a skin opening only three-fourths inch long, is very liable to have the 
characteristics of a puncture wound in some parts of its depth thus making special 
care necessary to remove deeply buried bits of blood clot (to allow access of the 
antiseptic to the depths) and to spread the wound open to allow access of the 
solution to the depths. In this case a more efficient access of the antiseptic would 
probably have been obtained by enlarging the wound before soaking rather than 
after and by suturing the tendons after about twenty minutes’ soaking and then 
continuing another twenty to twenty-five minutes after completion of the tendon 
suturing, for then the retracted cut ends of the tendon (which must be to a 
degree contaminated by the injury) are brought down into contact with tlie anti- 
septic. Of course, any ease with lacerated retracted tendons has to a degree the 
same difficulties as a puncture wound in having some pockets of the wound inac- 
cessible to the antiseptic. 


Case 0. — A. 4V., a coloied child, aged S years, in the one-hundredth case of the 
series, was treated Sept. 5, 1942. Glass cut the tendons of two fingers in the pabn 
through a skin wound one-half inch long. The motions of the soaking treatment 
were carried out, namely a tourniquet was used and blood clot was removed from 
the wound by the use of gauze in forceps but without the use of local anesthetic. 
The hand was soaked and the suturing carried out. Sulfonamides were used in the 
wound and given by mouth. I knew nothing of the ease until a week after the 
• ■ rv Infection became evident about the eighth day. This case is similar 
to Ca«e 5 with a greater degree of the inherent difficulties and errors of treatment, 
n’l blood clot could not possibly be removed by the method used in a child of tiiis 
•ind with a deep narrow-mouthed wound such as this without using local anes- 
a S e / ^ without opening the wound; tiie complication of the presence of blood 
thetic an ^ goa]c introduces a factor which really nullifies the case as a test 
clot ; n jury had healed without infection it would not have been included 

ease. 1 „ having been treated with sulfonamides and statistically 

in the series because ° 

I may he wrong in including it. 

opable cases were treated and are not included in the series. 
Four un which it would seem to be very difficult to eliminate 

Some injuries some a considerable amount of silk was buried 

infection were treated. 
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subcutaneously. A fair number had opened joints. One was a com- 
pound fracture, caused by a saw cut through the back of the finger, the 
finger was attached only by the flexor tendons, vessels and skin; it was 
sutured back and recovery took place with no infection. When the 
patient was last seen he seemed to be developing a useful finger. In 
one ease there was a volar flap of skin turned up over the crushed 
finger tip, the flap was so damaged that it died of dry gangrene but 
there was no infection or pus associated with it even up to two and 
one-half weeks when the sutures were removed; the margins of the 
shrinking flap were stuck by serum to the stump of the finger for the 
whole time and no pus was present under the dead flap when it was 
removed. 

Eleven compound fractures of the large bones of the limb were 
treated by the use of the solution (not necessarily soaking). As far 
as judgment can be based on these I was impressed that the solution 
has been of help in suppressing infection. Five of them are old enough 
to indicate that the use of the solution does not interfere with bone 
healing. 

In summary, I present 94 cases treated by this method with 94 pri- 
mary unions but eight of which had a trivial infection. Six other 
cases were treated which developed infection but these were not cor- 
rectly treated in the manner essential to allow efficient access and action 
of the antiseptic. 

A simple attempt was made to get some idea of the bacterial flora 
in the wounds before and after soaking. For this a small piece of the 
wound surface (not skin) was put into broth before and after. Eighteen 
satisfactory before and after cultures were made. All showed growth 
when taken before the soak. Seven showed no growth after the soak. 
In some eases two organisms grew before the soak and only one after 
and in many of the cases which showed growth after, the growth did 
not come up for several days. Staphylococcus was by far the common- 
est pathogen and ordinarily it grows up in culture in twenty-four hours. 

It is recognized that during the removal of blood clot and debris there 
is a mechanical removal of bacteria and that this is probably a factor 
in suppressing infection. I have been unable to devise a legitimate 
clinical experiment to eliminate this factor. 

The purpose of this study was not primarily to develop a method of 
treating wounds of the hand but to try to find out if antiseptics are of 
value in suppressing infection of wounds. For this purpose it would 
seem logical to make wounds in animals and apply various bacteria fol- 
lowed by various antiseptics. This, however, has been amply performed 
and a summary up to 1922 is given by Neufeld. 2 There is ample proof 
in this of the value of antiseptics as far as animal experiments «o. 

I feel that 1 offer (1) strong reason to suppose that properly *chosen 
antiseptics are of value in suppressing infection in wounds (2) a safe 
practical method of managing wounds of the hand. I do not sav that 
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the (mfisuptic used is the best possible and I do not say tiiat the method 
of application is (lie most convenient or most efficient possible. By the 
solution of technical problems it misfit be possible to make the method 
of prolonged soaking applicable and of some value in large wounds of 
other parts of the body. 1 suspect that those who believe antiseptics 
are of no value have based their judgment on the observed effects in 
wounds in which the antiseptic could not be expected to penetrate to 
all the implanted organisms, e.g., wounds of the last wax’, or on the 
observed effects of antiseptics which from laboratory considerations 
alone would not he expected to suppress the development of infection 
or on (he observed results of clinical trials where the antiseptics were not 
given a contact with the wound for a sufficient duration of time. I 
do not wish it to he thought that antiseptics can supplant the removal 
of gross dirt from a wound or the judicious removal of nonviabie tissue. 
They may supplement such procedures and the sulfonamide drags may 
supplement both. It seems to me to be of great importance in any 
clinical trial that (1) gross dirt and blood clot be removed, and this 
usually requires a local anesthetic and sterile scrub brush, (2) that 
bleeding he stopped if possible, beeaxise blood clots get into the wound 
and prevent penetration of the antiseptic, (3) that no pockets are left 
into which there may be doubt as to the penetration of the antiseptic. 

I would ask those who feel firmly that no antiseptic can be of value 
in suppressing wound infection to note that many injuries occixr in 
factories where a first-aid station is available and that if these wounds 
were soaked for a little while in a sxiitable antiseptic and then a com- 
press soaked in the antiseptic were applied for transportation, then the 
growth of bacteria in the wound would be somewhat checked and the 
numbers of bacteria in the wound to be dealt with at the final cleansing 
would surely be much less than otherwise and the hope of primary 
healing would be correspondingly increased. This would be especially 
true if the lag period of a couple of hours that bacteria take before 
growth gets undei’way is to be passed before the final cleansing is done. 

Relative Costs per Gallon Wholesale (12S oz. per gallon = 3.63 litres). 

Zephiran 1/1000, $5.00; merthiolate 1/1000, $9.30; metaplien 1/500, 

$12.50; furmerane 1/3000, $5.95; proflavine 1/1000, $0.58; dett (dettol) 

5 per cent, $0.28 (pure dett is $5S.S0 per dozen gal.) ; amphyl % per 
cent, $0,011/4 (pure amphyl is $2.50 per gallon). 
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CARBAMIDE-SULFONAMIDE MIXTURES IN WOUND 

THERAPY 


Hall G. Holder,® M.D., Camp Callax, Calif., and 
Eatox M. MacKav,! M.D., La Jolla, Calif. 

T HE advantages of carbamide (tu*ea) in the treatment of infected 
and contaminated mounds have been detailed elsewhere. 1 ’ *’ The 
principle of carbamide action is that of a strong peptonizing and lytic 
agent for devitalized tissues. Carbamide action rids the mound of 
necrotic tissue by a process of chemical debridement. The action in 
markedly increasing the rate of healing of infected wounds is on the 
basis of ridding the wound of deterrents to normal healing rather than 
by direct bactericidal action. Baeteriostasis results from removing the 
substances producing bacterial growth and multiplication. Further, 
this is accomplished without great detriment to the normal physiologic 
processes of wound repair and without material irritation or damage 
to normal tissue cells. Excellent results, attested by numerous favor- 
able reports, 3 ' 4> 5 have followed our revival 1 of carbamide therapy which 
was first used by Symmers and Kirk. 6 Outstanding as have been the 
results in the limited field of infected wound therapy, much greater has 
become the applicability of carbamide in all phases of wound therapy 
since its combination in topical application with the sulfonamide drugs. 7 

Much has been written and considerable experience has been accumu- 
lated on the topical application of the sulfonamides. The bacteriostatic 
effect of these drugs is the supposed result of a specific interference with 
the enzymatic utilization by the bacteria of some nutritive chemical 
factor. The highly selective action of sulfonamides on bacterial metab- 
olism is evidenced by baeteriostasis in the presence of concentrations of 
these compounds as low as 1 mg. per cent. When implanted directly 
into wounds these substances, like carbamide, show little demonstrable 
injury to normal tissue cells or interference with the mechanism of 
phagocj'tosis and ultimate tissue repair. The efficacy in the topical use 
of these compounds in baeteriostasis has been shown to be directly pro- 
portional to (1) concentration of sulfonamide inhibitors, (2) solubility 
and diffusihility, i.e., local concentration of the drugs, and (3) degree 
of active cellular defense within the wound. 

ENHANCEMENT OF SULFONAMIDE ACTION BY CARBAMIDE 

Carbamide acts in a number of ways to enhance the action of the sul- 
fonamides. In a preliminary report 7 presenting the results of wound 
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therapy with carbamide-sulfonamide mixtures, llio removal by the car- 
bamide ol gross sulfonamide inhibitors, or t he sotiree of such iniiibitors, 
in the* form of necrotic tissue, pus, and tissue exudates was stressed. 
The importance of tin’s chemical debridement must not be minimized 


either for its direct action or its effect in removing the debris which gives 


rise to sulfonamide inhibitors. Clark and his co-workers* have recently 
demonstrated that the mere presence of carbamide antagonizes the sul- 
fonamide-inhibitor action of at least one of the end products of protein 
catabolism, it is probably by antagonizing inhibitors that carbamide 
enhances the bacteriostatic action of the sulfonamides. 


In vitro experiments have shown that ten times as much sulfanilamide 
is necessary to prevent the growth of a strain of Escherichia coli as when 
the sulfanilamide is used with 5 per cent carbamide. In this concentra- 
tion the carbamide alone is not particularly bacteriostatic. Similar re- 
sults were obtained with a strain of Staphylococcus aureus using sul- 
fa thiazole. Strakosch and associates 0 have reported the same type of 
results in vivo, using infected dermatoses for their stud}-. 

In our earlier study S * 7 the impression was gained that carbamide in- 
creased the solubility of the sulfonamide drugs. This desirable effect 
would not be an unreasonable result in view of the marked solvent action 
of aqueous carbamide solutions. Data on this point have been collected 
as follows. 


Solubility Data 


Carbamide 

Sulfanilamide 

0 

1.7 Gm. 

20 Gm. 

3.5 Gm. 

40 Gm. 

5.5 Gm. 

GO Gm. 

S.O Gm. 

100 Gm. 

13.5 Gm. 

Carbamide 

Sulfathiazole 

0 

0.1 Gm. 

10 Gnj. 

0.4 Gm. 

30 Gm. 

0.5 Gm. 

60 Gm. 

1.0 Gm. 

SO Gm. 

1.5 Gm. 

100 Gm. 

2.0 Gm. 


Solubility in a carbamide solution (10S Gm. carbamide in 100 Gm. 
HoO) saturated at 20° C. : 

( Sulfanilamide S.5 Gm. 

20° C. at room temperature | g u [f a tlua 7 .ole 1.0 Gm. 

[Sulfanilamide 15.0 Gin.) ^ 

375 ° C. at tody temperature | g u jf a thiazoIe 2.4 Gm. } P er Gm- 

S lability in a carbamide solution (155 Gm. carbamide in 100 Gm. 
pl 2 0) saturated at 37.5 C. . 

, (Sulfanilamide 27.5 Gm.) 1n( , _ „ 

[y temperature J Su if a thiazole 4.0 Gm. jP er 100 Gm - H =° 


37.5 


go 0 . body 
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The tremendous increase in the solution of the relatively insoluble 
sulfa drugs is obvious and the increased concentrations are not obtained 
by increasing the pH to a high point as in the ease with the sodium salts 
of these compounds. Yfe are of the opinion that this action of carbamide 
in securing more rapid solution of the sulfa drug used is one of the most 
important as far as topical application is concerned. This prevents the 
usual caking of the relatively insoluble sulfa drugs with the attendant 
foreign-body reaction and interference with the reparative healing 
process. 

The degree of active cellular defense within the wound is aided by 
carbamide in that this substance sequesters and removes necrotic tissue 
which is rich in bacterial contamination. It is also probable that the 
hypertonicity of the solution leads to diapedesis and an increase in the 
reaction within the wound tissues. Carbamide has been shown by Olson 
and co-workers 10 to increase the rate of formation of granulation tissue 
in experimental animals. That it may retard the rate of epithelization 10 
in contaminated or infected wounds is of little consequence for epithelial 
repair is not desired at the time it is used. As soon as the wound is cov- 
ered with clean granulation tissue treatment with this mixture will have 
been discontinued. 

If carbamide bad none of its other known advantages its value as a 
diluent for the sulfonamides would almost be sufficient reason for its 
addition to these drugs. The mixture is not only more effective than a 
sulfonamide alone but is much cheaper. This feature as well as the 
toxicity limitations in the use of the sulfonamides allows of much greater 
freedom in the use of the mixture. 

PRACTICAL ASPECTS OP THERAPY WITH CARBAMIDE-SULFONAMIDE MIXTURES 

Largely from the information gained from the above solubility studies 
the following mixtures of carbamide (urea) and sulfonamide drugs have 
been used: 


Carbamide 

S0 per cent 

Sulfanilamide 

14 per cent 

Carbamide 

S2 per cent 

Pectin 

5 per cent 

Sulfanilamide 

13 per cent 

Carbamide 

SO per cent 

Sulfanilamide 

13 per cent 

Sulfatliiazole 

2 per cent 

Pectin 

5 per cent 

Carbamide 

97.6 per cent 

Sulfatliiazole 

2.4 per cent 

Carbamide 

S7 per cent 

Sulfanilamide 

13 per cent 

Sulfatliiazole 

2 per cent 

Carbamide 

S9 per cent 

Sulfanilamide 

10 per cent 

Sulfatliiazole 

1 per cent 


Mixtures 1, 3, and 5 have been most commonly employed. 

No attempt was made to sterilize the crystal mixtures but this would 
be desirable in wide scale use. Sulfapyridine offered no particular ad- 
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vantages, 
virtues not 


Sulliulinzino was also used but it did not appear to have any 
possessed by the cheaper drugs. Addition of proportionate 


amounts ot sterile water and warming readily converts the crystalline 
mixtures into n solution, one or both meeting any practical therapeutic 
indication. 


CIUNIC.Wi Al’I’I.IC.VTIOK OF CAIUJAMIDE-.SUI.FON'AMIDE MIXTURES 


Use in First Aid. — Carbamide-sulfonamide mixtures (C.S.M.) have 
been most satisfactorily employed as a first-aid application to contami- 
nated traumatic wounds of all descriptions. The powder is generously 
sprinkled in all recesses of the wound and the wound covered with 
sterile gauze secured with an elastic pressure bandage such as a stock- 
inet. Tiie application of this mixture as a first-aid dressing may well 
prove to be its mast important use. When sprinkled over a fresh wound 
the mixture (C.S.M.) tends to inhibit the growth of bacteria and chem- 
ically debride devitalized tissue. In civilian life a contaminated wound 
is not considered infected until six to twelve horns after the injury, the 
time depending upon the amount of damage to the tissues. Our ex- 
perience indicates that with C.S.M. treatment formal surgery may he 
safely delayed long after twelve hours have elapsed. The rule that com- 
pound fractures in civil practice must be operated on within this period 
may be disregarded in many instances. In the handling of wounds 
resulting from military action this extended period during which a 
wound may be kept from becoming infected provides for delay in 
evacuation of wounded and their transportation to facilities allowing 
adequate treatment. Also, when large numbers of casualties are brought 
in at one time the emergency treatment may allow patients to be oper- 
ated upon in the order of their urgency. It further permits the ade- 
quate treatment of shock during this initial period thereby rendering 
the patient the best possible risk for definitive surgical treatment. 

Use in Formal Surgery in Civil Practice.-— Tim primary closure of 
contaminated wounds, particularly those involving fractures, is a ques- 


tion about which there is some difference of opinion in civil practice. 
However, it is now the custom of many experienced surgeons . 11 Whether 


or not it is attempted must depend upon the nature of the wound, 
facilities, and circumstances as well as the skill of the surgeon. The 
early treatment of fresh wounds with C.S.M. is a most important fac- 
tor m making primary closure possible if formal surgery is feasible 
vi thin a reasonable length of time. Therefore, many contaminated (not 
’ fected) wounds may be closed by primary suture without drainage 
• a careful debridement. Primary healing has been obtained. Fol- 
1 ' cr the accepted preparation of the skin and area surrounding con- 

lowmg , wo unds (special care being taken not to introduce irritating 
taninia ^ ^ antiseptic solutions or even irritating soap solutions into 

and s the toilet of the wound itself, before accurate debride- 

tlie actual v° , witb. copious irrigation within a solution of C.S.M. 

meat, is accomplished 
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This is followed by careful debridement (wound excision when possible) 
and the crystalline mixture of carbamide-sulfonamide is generously 
dusted into the wound and closure then done with interrupted silk 
sutures without drainage. Drains, we feel, may introduce further con- 
tamination but more particularly are undesirable because they introduce 
air into any wound producing a fluid level with the inevitable escape 
of a portion of the rapidly dissolved carbamide-sulfonamide mixture, 
thereby preventing complete and rapid application of the mixture to 
all surfaces and recesses of the wound. Soft tissues are sutured as lit- 
tle as practicable, except the skin as noted above. Fractures of the 
bones are reduced and, if necessary, primary internal fixation is done 
without fear of complication. Always when possible, regardless of 
structures involved, immobilization of the part by plaster or compres- 
sion dressing is employed for greater comfort to the patient and maxi- 
nnun aid to the reparative process. Primary closure of wounds in civil 
practice may be carried out safely when they are under close observa- 
tion and when facilities are available for the continued observation of 
the patient. Primary suture should never be done if thorough debride- 
ment and effective wound hygiene cannot he accomplished because of 
the extent of the injury or lack of time. If infection should develop 
after closure, the skin sutures may be removed and the wound treated 
as an open one without fear of any added complication. The results of 
Ili'eld 1 - of this staff, who is reporting a consecutive series of forty-two 
major contaminated traumatic wounds involving soft tissues, skeletal 
structures, and joints treated with C.S.M. primarily, followed by care- 
ful surgical preparation and debridement with primary interrupted 
suture of the skin without drainage, are most encouraging. In this 
series there were less than 3 per cent of wound complications, all of 
which were minor, and in no instance responsible for further morbidity 
or complications. 

Experience of army surgeons in eombat zones has emphasized the 
necessity for some method of open treatment of wounds as attempts at 
closed treatment even after formal surgery have generally been unsatis- 
factory. 

Use in Open Wounds. — Wounds in which tissue loss prevents primarv 
closure are treated by the daily application of C.S.1T. after suitable 
surgery including adequate debridement. This is immediately produc- 
tive of clean, healthy, rapidly growing granulation tissue which permits 
early successful skin grafting with attendant reduction of disability 
from scar tissue contraction as well as improvement in the final cosmetic 
result. 

There is a great difference in the ability to get primary healhm in 
civil practice and in battle casualties. War wounds should’ be left open 
and in the treatment of these C.S.M. should yield excellent results A, 
modification of the Orr “closed” treatment has been employed in suit- 
able instances with excellent results. We have modified the original 
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tuehniquo by packing Llic* wound with (J.S.M. and covering only the sur- 
lace o! the wound with vaseline gauze before application of closed plaster. 

•Should an infected wound result because of the impossibility of suit- 
able surgery or any other cause, treatment with C.S.M. yields even 
better results than the very excellent ones obtained with carbamide 
(urea) alone. 1 * 2 * a The mixtures are particularly useful in the closed 
plaster method of treating burns. Stonham 1 has commented on the use- 
fulness of urea alone in this condition. 

SUMMARY 

Carbamide through a process of chemical debridement has been 
shown to have many virtues in the treatment of contaminated and in- 
fected wounds. 

By its combination in topical application with the sulfonamide drugs 
the applicability of carbamide in wound therapy has been greatly ex- 
tended. Carbamide removes the source of all and directly antagonizes 
at least some sulfonamide inhibitors as well as markedly inez'easing the 
solubility of the sulfonamide drugs. These factors all contribute to 
enhancing the efficacy of the sulfonamides. 

Wound therapy with carbamide-sulfonamide mixtures is simple and 
inexpensive; results are excellent. Application as a first-aid measure 
is most useful in prolonging the period during which it is safe to do 
definitive surgery. 
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THE PATHOGENICITY OP BACTEROIDES MELANINOGENICUS 
AND ITS IMPORTANCE IN SURGICAL INFECTIONS 

Charles Weiss, Ph.D., M.D., Sax Francisco, Calif. 

(From the Clinical and Research Laboratories of the Mount Zion Hospital) 


r~) A C TER 01 DBS mdaninogenicus is a small, Gram-negative, anaerobic 
D nonsporalaling, black pigment-producing rod which was first iso- 
lated in. 1921, by Oliver and Wherry 1 from the “throat, tonsils, infected 
surgical wounds of the abdomen, from urine collected as aseptically as 
possible, from a suspected focal infection of the kidney and from the 
feces of a case of chronic dysentery superimposed on an original amoebic 
infection.” Although it was subsequently recovered by Buvdon, 2 Varney, 3 
Schwarz and Diekmann, 4 Cohen, 3 ’ u Liebetruth,' and Altemeier 4 from 
other pathologic processes including pyorrhea alveolaris, pulmonary 
abscesses, ruptured appendices, peritonitis, the uterus and blood stream 
in puerperal fever, etc., nevertheless, its role as a pathogen of special 
interest to surgeons has not been definitely established. According to 
Bergey and his associates Manual of Determinative Bacteriology ,® 
it is: “Non pathogenic for rabbits, guinea pigs and white mice. . . . 
Inhabits healthy mucous membranes of mammals but may take part in 
various pathological processes (Burdon).” Likewise, Shevky, Kohl, and 
Marshall 10 and Liebetruth 7 who continued this work could find no 
evidence of its invasive capacity. The former remarked, “All attempts 
to show that Bad. melaninogenicum had any significance as a primary 
or secondary invader in mixed infections gave negative results, so far 
as clinical evidence or attempts at experimental animal infections could 
be correlated.” 


Examination of their protocols reveals that fourteen to eighteen day 
old cultures were employed by the latter authors for intracutaneous 
inoculations. 7 ' 10 Since Burdon 11 has called attention to the fact that 
old cultures of Bad. mdaninogenicus may lose their viability, it is not 
surprising that virulence and invasiveness may, at times, also be lost. 
Moreover, since we have established the existence of immunologieally 
distinct strains of this organism on the basis of specific proteins, 12 the 
occurrence of virulent as well as nonvirulent types of Bad. melanino- 
gcnicus seemed also a likelihood. 

From the data of Oliver and Wherry 1 and Burdon 2 as well as from 
our own observations (Table I) it was tentatively inferred that Bad. 
melaninogcnicus is an “opportunist” (in the sense of Theobald Smith) 
which is capable of producing disease only when given a favorable 
opportu nity to enter the tissues or when the natural resistance to in- 

Keceived for publication. Sept. 1 , 1942. 


6 S 3 



SURGERY 


Tahlk I 

ISOLATION’ OF BAUTEKOIDKS MKLANINOGENICUS fc’llOM VARIOUS SURGICAL INFECTIONS 


CLINICAL DIAGNOSIS Oil 
AUTOI'SV FINDINGS 


SOURCE OF 
■MATERIAL 


In fictions of the llcspiratury Traci 


M, (57 Subacute inflammation oi‘ Biopsy: tissue 
throat left pharyn- 

geal wall 


RESULTS OF RACTERIOLOGIC 
CULTURE 


Aerobic: E. coli, Sir. viri- 
t Ians , Staph. aureus, 
Gram-negative diplocoe- 


.10 Pulmonary abscess; ter 
minal bronchopneumonia 


M, -1- Bronchiectasis 
(bilateral) 


Sputum 


F, 'JO Lobectomy for bronchiec- Pleural fluid 
tasis 


3M, 3G Empyema; postpneumonic Pus from ab- 
abscess scess 


AX, 50 None made 


Anaerobic: Boat, melon., 
Fusobacteria, diphthe- 
roids, small Gram-nega- 
tive cocci 


Biopsy: tissue Anaerobic: Bad. melon., 
from pulmo- Fusobacteria, Str. (hem- 

narv abscess ol.) Staph, albus (heni- 

olO 

Sputum Aerobic: Str. viridans, K. 

friendliinderi, M. catarr- 
halis, diphtheroids, Staph, 
alb us 

Anaerobic: Bad. melon., 
Fusobacteria, diphthe- 
roids, Gram-negative coc- 

ei 

Pleural fluid Aerobic: Staph, albus, E. 

coli, Str. (nonhemoh), 
Str. viridans 

Anaerobic: Bad. melon., 
diphtheroids, Fusobac- 
teria, gram-negative coc- 
ci and small bacilli, Cl. 
welchii 


’us from ab- Anaerobic: Bad. melon., 
scess Fusobacteria, Str. diplo - 

cocci 

Pleural fluid Anaerobic: Bad. melon., 

Str. diphtheroids, Fuso- 
bacteria, Gram-negative 
bacilli 


Infections of the Gastrointestinal Tract 


j?~* 52 Appendicitis with gan- Pus from 
’ grene ; diffuse peritoni- cul-de-sac 

tis; diabetes mellitus 


"jTgg Perforation of cecum be- Pus from ab- 
’ lmv appendix; ulceration domen 

and peritonitis 


"TTjO Appendical abscess ; gen- 
’ eralized peritonitis 


-r r 5TT^^ : S5^ I ^ icullim 

fl 1 ’ ° with a bscess 


Pus from ab- 
scess 


Aerobic: E. coli, Str. 

(nonhemol.), Str. viri- 
dans 

Anaerobic: Bad. melon.. 
Cl. welchii 


Aerobic: E. coli, Str. (non- 
hemol.) 

Anaerobic: Bad. melon., 
Fusobacteria. Cl. welchii 
Aerobic : E. coli , Str., 

diphtheroids 

Anaerobic: Bad. melon.. 
Gram-positive bacilli 
(nonsporulating), Str. 
nonhemol.) 

Anaerobic: Bad. melon., 
E. coli, B. pyocyancus 
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Table I — Cost’d 


s» 8 <SS.” 

peritonitis jt 3 


j 9 p 27 Acute gangrenous appen- Abdominal 
’ dicitis with perforation fluid 

13. F, 78 Ruptured appendix; gen~ Pus ^ from 'alT 
eralized peritonitis domen 


14. P, 40 Appendectomy ^ 

15 ^ ii j 31 Colostomy and ileostomy Rectum 


Yd. Yyid Ischiorectal abscess Rectal abscess 

(traumatic) __ 

17. M, 60 Cellulitis of face ; tooth Tooth socket 

infection 


RESULTS OF BACTERIOLOG1C 
CULTURE 

Aerobic: E. coli 
Anaerobic: Bact. melon., 
Str., diphtheroids, Cl. 
•welchii, Gram-negative 
coccobaeilli, Fusobacte- 

ria 

~ Aerobic: Gram-negative 

coccobaeilli. Staph, al- 
ias. 

Anaerobic: Bact. melon. 
Aerobic: E. coli, Str. 
(nonliemol.), B. pro- 
teus. 

Anaerobic: Bact. melon. 

• Aerobic: E. coli, Str. 
(nonliemol.), B. proteus 
Anaerobic: Bact. melon. 
Aerobic: Staph, alius, Str. 

(liemol.), Str. viridans 
Anaerobic: Bact. melon., 
Cl. welchii, Gram-nega- 

tive bacilli 

i Anaerobic: Bact. melon., 

diphtheroids 

Aerobic: Str. viridans, 

diphtheroids, Staph, al- 
ius 

Anaerobic: Bact. melon., 
Fusobacteria 


C. Infectio ns of the Genitourinary Tract 

lj£ fjlso Cesarean section” Vaginal smear 


PEL hi,* 62 Divertieuli of bladder ; Urine 
terminal bronchopneu- 
monia ; prostatic liyper- 

tropliy _ 

20. F, 29 Infected vaginal cyst Pus from cyst 

21 F * 19 Periuephric abscess Pus from ab- 

’ domeu 


22. hi, 24 Pelvic abscess, probably Pus from col- 

result of ruptured ap- potomy 

pendix 

J). Mi scellaneous Infections 

23. F, 68 Abdominal abscess, iliac Pus from ab 

tegion scess 


24. M, 38 Infection of finger 


Pus from 
finger 


Aerobic: Str. viridans, A. 
fecalis. Staph, aureus 
Anaerobic: Bact. melon., 
Str. (nonliemol.) 

Aerobic: E. coli, Str. 

(nonliemol.) , B. pyocy- 
aneus, B. proteus 
Anaerobic: Bact. melon. 
Anaerobic: Bact. melon., 
diphtheroids, Fusobac- 
teria, Str. 

Anaerobic: Bact. m-elan., 
E. coli (hemol.), Staph, 
aureus (hemol.), Str. 

(nonhemoi.), Cl. welchii. 
Anaerobic: Bact. melon., 
diphtheroids, E. coli, Str. 
viridans 


Aerobic: B. proteus, E. 
coli, Str. 

Anaerobic: Bact. melon., 
Gram-negative sporebear- 

ing bacilli 

Anaerobic: Bact. melon., 
diphtheroids, Fusobacte- 
ria, Staph, aureus and al- 
l us, Str. viridans, Str. 
(nonliemol.), Gram-nega- 
tive diploeoeei 


&UKUKRY 
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Table 1 — Cusr ’u 


SEX 

CLINICAL DIAGNOSIS OR 

SOURCE OF 

RESULTS OF BACTERIOLOOIC 

AGE 

AUTOPSY FINDINGS 

MATERIAL 

CULTURE 

34. M, 19 

Appendicitis ; peritonitis ; 
pneumonia 

Pus from ab- 
dominal cavi- 
ty 

Aerobic: Staph, al bus, A’. 
coli 

Anaerobic: Bad. melon., 
diphtheroids 

35. M, (53 

Ileostomy (chronic ulcera- 
tive colitis) ; bowel ob- 
struction 

Peritoneal cav- 
ity 

Aerobic: B. proteus, E. 
coli, Str. 

Anaerobic: Bad. melon. 
Cl. wetchil. Fusobacteria, 
diphtheroids 

3(5. F, 55 

Carcinoma of rectum; ne- 
crosis of pelvic floor; 
peritonitis 

Peritoneal exu- 
date 

Aerobic: B. proteus 
Anaerobic: Bad. melan., 
Fusobacteria, B. coli, Str. 

37. F, Go 

Gallstones ; peritonitis 

Peritoneal cav- 
ity 

Aerobic: E. coli , Staph, 
aureus 

Anaerobic: Bad melan., 
Staph, aureus, Str. (hem- 
ol.), E. coli 

38. F, 50 

Secondary carcinomatosis 
following carcinoma of 
uterus 

Pus from peri- 
toneum 

Aerobic: E. coli, B. pro - 
tens, Str., diphtheroids 
Anaerobic: Bad. melan., 
Cl. welchii, Fusobacteria 

39. 11, 69 

Perforation of cecum, 
generalized peritonitis ; 
terminal bronchopneu- 
monia 

Peritoneum 

Aerobic: Str. (henml.), E. 
coli 

Anaerobic: Bad. melan.. 
Cl. welchii, Fusobacteria, 
diphtheroids 

40. F, 32 

Hodgkin’s disease 

Pus from ab- 
scess on. spine 

Aerobic: Gram-positive 

cocci, Str. 

Anaerobic: Bad. melan. 

11. 11,39 

Duodenal ulcer with per- 
forations; generalized 
peritonitis; recent sub- 
total gastrectomy and 
gastrojejunostomy 

Peritoneal fluid 

Aerobic: Str. (heniol., non- 
hernol. and viridans), E. 
coli, B. pyocyaneus. 

Staph, albus, Staph, 
aureus 

Anaerobic: Bad. melan.. 
Cl. welchii 

12. 14,27 

Chronic nephritis; acute 
enteritis ; arteriosclerosis 
of coronary arteries, 
aorta, spleen, and adren- 
als 

Fluid in bowel 

Aerobic: Str. viridans, E. 
coli, Staph, aureus 
Anaerobic: Bad. melan., 
diphtheroids, Cl. welchii. 
Gram-negative cocei 

43. F, 53 

Wound infection with ex- 
tension into subcutaneous 
tissues of abdomen and 
thorax ; acute peritonitis 
and adynamic ileus; 
terminal bronchopneu- 
monia 

Sigmoid 

Aerobic: B. proteus, E. 
coli, Staph . alb us, Str. 
Anaerobic : Bad. inelan., 
Cl. welchii } Fusobacteria 

44. F, 72 

Diabetes, left leg ampu- 
tated; stump infected; 
bronchopneumonia of 
left base; edema of 
lungs 

Pus from leg 

Aerobic: B. proteus, Str. 
(hemol.) 

Anaerobic: Bad melan., 
diphtheroids 

4o. M, 4o Perforation of duodenal 
ulcer; acute peritonitis; 
bronchopneumonia 

Wound culture 

Aerobic: viridans, 

Staph, cilbus, Staph, au- 
reus, JE. coli 

Anaerobic : Bad. ')nelan, y 
Fusobacteria, diphtheroids 
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lection is abnormally low. u AVc therefore undertook a reinvestigation 
of its pathogenicity and its role in surgical infections. 


EXPERIMENTAL 


Use of Freshly Isolated Strains. — Strains of Bad. melaninogenicus 
were isolated from the washed sputums of patients suffering from pul- 
monary abscess or bronchiectasis. The material was heavily scraped 
over the surface of several plates of hormone agar enriched with rabbit 
blood and incubated for four or five days at 37° G. in a Varney anaerobic 
phosphorus jar. 14 Tubes of Rosenow’s glucose brain broth were also 
used, from which plates were streaked. Colonies were picked under a 
Zeissler stereoscopic binocular microscope and transplanted to fresh 
plates of blood agar. In preliminary experiments twenty-five white mice 
were injected intra-abdominally with three-day old transplants sus- 
pended in saline solution or in 5 per cent mucin, prepared according to 
the tecluiifjue of Rake. 15 None of the animals died. The bacteria evi- 
dently succumbed to the defenses of the peritoneum. AVe therefore di- 
rected our attention to the possibility that this organism may produce 
only local tissue injury or that it needed special protection in order to 
multiply in the animal's tissues. Mice were inoculated subcutaneously 
in the groin with 0.05 to 0.1 e.e. of broth cultures. Edema and inflam- 
mation which persisted for twenty-four hours or longer were observed 
at the sites of injection. 12 Control animals injected with heat killed 
cultures showed no demonstrable lesions. 

Five white rabbits were injected intracutaneously on the anterior 
surface of the hind leg with 0.5 c.e. of a suspension of Bad. mclanino- 
gem'cus made up in cysteine hydrochloride broth. Three of the animals 
were sacrificed for examination twenty-four hours later. The infected 
limbs were hot, greenish-black, indurated and swollen to about three 


times their normal size. Upon removing the skin, the exposed muscles 
were darker than normal and intensely edematous. An exudate, visible 
in the subcutaneous tissue near the site of injection, extended all the 
wav up to the axillary region where about 25 c.e. of foul, turbid fluid 
was present. The muscles of the lower extremities and of the chest wall 
were likewise discolored, friable, and had a foul odor. The blood vessels 
were of a very dark hue. The liver, spleen, and kidneys were congested. 
Cultures of these viscera and of the heart’s blood were sterile, but 
Bad melaninogenicus was isolated in pure culture from the muscles 
■uid exudate near the site of injection. 

In two other animals of this series, which were sacrificed at the end 
f -tv-eHit hours, a pouch of fluid had accumulated in one site and 
0 0 * | through a necrotic area in the skin, leaving the muscle ex- 

ruptui ^ neighboring lymph nodes were hemorrhagic and a bloody 
P osec ' visible in one of the injected paws. The draining lymph 

exudate was ^ blood) and viscera were sterile, but the organism was 
nodes, the 1 :„fpefed muscle and exudate. Three control animals, 
isolated from the » ltcelcu 
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inoculated “with similar suspensions of heat-killed organisms, presented 
negative results. In none of the animals was there any evidence of 
leueoeytosis during life. 

Effect of Previous Tissue Damage. — In order to test the possible 
effect of previous tissue damage on the pathogenicity of Bad. melaniuo - 
genic. us, the hair on the backs of rabbits was closely clipped and a 
standardized dose of staphylococcal toxin (0.02 e.c.) combined with one- 
fifth of a unit of antitoxin was injected into a series of spots where the 
culture was inoculated forty-eight hours later. Control injections were 
made with heat-killed organisms. Inflammation, exudation, and necrosis 
were observed only where living bacteria were employed. 12 It was 
concluded that Bad. melaninogenicus is capable of producing severe, 
local tissue injury, especially in areas which had been previously damaged 
by bacterial toxin. 

Effects of Mucin. — Since we recovered Bad. melaninogenicus from 
the respiratory, gastrointestinal, and genitourinary tracts where mucus 
is usually present (Table I), it seemed desirable to test the possible 
effect of mucin on its pathogenicity and invasiveness. Previous studies 
with a variety of other bacteria, including Neisseria meningitidis , 1C ' 17 
Haemophilus pertussis , 18 Eberthella typhosus, 10 Diploccus pneumon- 
iae, 2 Neisseria gonorrheae , 21 II . influenzae , 22 Fusiformis , 23 and Vibrio 
dwlerae,- 4 have shown that their virulence is markedly increased when 
suspended in mucin. It has been suggested that mucin supplies the 
germs with an artificial capsule and interferes with the phagocytic 
capacity of the leucocytes and the bactericidal action of the animals’ 
serum. 25 ' 27 

Four rabbits were injected intradermally in several spots on the 
clipped skin of the back with 0.2 e.c. of a suspension made from a 
strain of Bad. melaninogenicus which had been fresh ly isolated from a 
rabbit which died after injection with this organism. Comparable sites 
were inoculated with cultures made up in 5 per cent granular 
mucin, 5 adjusted to pH 7.15, according to the technique of Bake. 15 
Control areas received either cultures lolled by boiling for twenty 
minutes or with mucin alone. The extent of erythema was noted daily 
and the edema measured by means of calipers. It was observed that 
with the use of mucin, tliere was a very marked increase in the amount 
of erythema and edema, particularly in the latter. Thus, at the end 
of forty-eight hours when control areas measured. 26 by 36 by 3 mm. 
the dimensions of those injected with living culture and mucin were two 
to three times as large. After seventy-two hours, when the controls 
(without mucin) were essentially negative, the experimental areas still 
showed marked edema and erythema. One of the rabbits died four days 
after injection. The entire abdominal wall was black and Bad. melanim- 
genicus was isolated from the underlying muscle wall as well as from 
the hearts’ blood, liver, and spleen. 

«SP*°yea granular mucin type 1701-W obtained from the , ... _ . . 
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Smears made from areas inoculated with mucin and Bad. melanino- 
rjcnicus showed in the Gram stain, a capsulclikc substance surrounding 
(he bacilli. This is esscnfially what has been observed by investigators 
who worked with other bacteria, as mentioned above. 

Presence of Fibrinolysin in Cultures of Bad. mdaninogcnicus. In 
previous studies 1 * we demonstrated the occurrence of fibrinolysin, a 
substance which dissolves human blood fibrinogen, in cultures of Bad. 
mdaninogcnicus. The presence of fibrinolysin is considered by many 
investigators as evidence of invasiveness or pathogenicity. 


SUMMARY 


Evidence has been presented that Bad. mdaninogcnicus, a small, 
Gram-negative, anaerobic, nonsporulating, black pigment-producing 
germ should be regarded as a pathogen which is of importance in 
surgical infections. 

We have isolated it in combination with other aerobic and anaerobic 
bacteria from forty-five surgical eases representing various infected 
wounds, lesions of the pleura and peritoneum as well as of the gastro- 
intestinal, respiratory, and genitourinary tracts. Others have cultivated 
it from the blood stream during puerperal infection. At autopsy we 
found it in the heart’s blood, the peritoneum, and visceral organs. 

Experimentally, we have shown that it possesses a fibrinolysin which 
permits it to dissolve human blood fibrinogen, thus interfering with 
one of the essential defense mechanisms of the inflammatory process, 
local fixation of microorganisms . 28 In cultures it produces a putrid, foul 
odor and together with the anaerobic Str. put ri ficus is responsible for 
the unpleasant odor of some types of pus . 29 

Strains of Bad. mdaninogcnicus were recovered from human lesions, 
which if inoculated within a few days after cultivation, were pathogenic 
for rabbits and mice. Intradermal injection produced in the former 
intense local inflammation, dermonecrosis, and, occasionally, death. 
Previous damage of the tissue by a bacterial toxin enhances the dermo- 
necrotic properties of the germs. The use of mucin as a menstruum 
for suspending the bacteria, supplies them with a capsule, thus augment- 
ing their pathogenicity and invasiveness. 

Bad. mdaninogenicus like Bad. funduliformis 30 > 31 and certain other 
members of the genus Bacteroides, may therefore be regarded as an 
“opportunist ” 13 which must find conditions suitable for invasion and 
multiplication. 


M 
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EARLY POSTOPERATIVE WALKING 
I. Thk Influence of Exercise ox Wound Healing in Rats 
Bernhard Nkwburger, M.D., Cincinnati, Ohio 

(From the Mai/ Institute for Medical Research, the Jewish Hospital) 

' I 'TIE controversy relative to the advantages and alleged dangers of 
early postoperative walking, inaugurated by tlie publication of 
Ries's 1 paper in 1S99, continues. Since then an evolution in the regimen 
has resulted in emphasis being placed on getting the patient out of bed 
and walking within one to twenty-four hours after laparotomy or 
herniorrhaphy. This change is due to the gradual realization that bed 
rest, especially in the first few days, is a veritable breeding place for 
complications. 

Although our personal experience in a small clinical series has been 
successful and the reports of other proponents of the principle of early 
ambulation have been highly favorable it is obvious that adequate 
quantitative and objective data should be collected which would def- 
initely indicate the value of the procedure in its various disputed aspects. 
Pear of wound disruption has been the major deterrent to the acceptance 
of early postoperative walking. The present report deals with an 
attempt to determine experimentally the influence of exercise on the 
rate of healing of standardized laparotomy wounds produced in rats. 

EXPERIMENTAL 

Method . — Adult male rats were fed on a stock diet. They were kept 
in glass jars 17 cm. long and 9 cm. in diameter with a wire floor and 
wood shavings for cleanliness, and a wire face for feeding. They had 
just enough room to turn around. 

Anesthesia was produced by the intraperitoneal injection of 4 mg. of 
nembutal per 100 Gra. of rat. Epilation was accomplished with a 
barium sulfide paste. The midline was marked, before draping, with 
malachite green and under aseptic technique a 5 cm. incision was made 
in the midline of the abdomen along the raphe extending down from the 
xiphoid. This was then sutured with Deknatel “moisture proof” C silk- 
in two layers ; one interrupted layer including peritoneum, muscle, and 
fascia with intervals of 5 mm. and taking bites of tissue of about 2 mm. ; 
the other a running stitch of the skin. Knots were triple-throw. 

Half °f th e ra * s keen trained for two days before operation on a 
t r-driven treadmill 24 cm. in diameter, revolving 9 r.p.m. After 
deration these were run for fifteen minutes each day including the day 

'^ved £or publication, Nov. 12, 
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of operation and the day of sacrifice. Occasionally the animals, though 
trained beforehand, hung on the periphery of the treadmill and would 
fall; it was felt that this simply increased their muscular effort. All, 
after a few experiences, learned to walk quietly. The controls were kept 
in their cages except for daily cleaning. The animals in both groups not 
healing per primam were discarded. 

The tensile strength of the wound was determined by a slight modifica- 
tion of the method of Harvey. 2 A one-gallon glass jar was interposed 
in parallel between a mercury manometer, a compressed air tank and a 
delivery needle. This served to equalize the rise of pressure. The 
intraperitoneal needle, after introduction under anesthesia, was moved 
from side to side and felt with the finger to be free. In spite of this pre- 
caution it at times became engaged in retroperitoneal tissue and a gen- 
eralized emphysema occurred when the air was turned on. To exclude 
this ei-ror the abdominal wall was incised after each reading of tensile 
strength and the position of the needle, left in situ, noted. When it 
was found engaged, the results were discarded. The end point rvas made 
sharp by sacrificing the animals under water and observing the escape of 
the first air bubble. The skin almost always gave way before the fascia. 

Sections for microscopic study were taken after the animals were 
sacrificed. The entire abdominal wall was fixed in formaldehyde. 

RESULTS 

Our data are summarized in Table I and illustrated in Pig. 1. 


Table I 

Tensile Strength of Standard Experimental Laparotomy Incisions 


POST- 1 


CONTROL 


EXERCISE 

STANDARD 

OPERATIVE 1 

NO. 

(MEAN RUPTURE 

NO. J 

( MEAN RUPTURE 

ERROR OP 

DAY* 


POINT MM. HG) 


POINT MM. HG) 

DIFFERENCE 

3 


mum 




5 


■ 




10 







•The day of operation throughout is counted the first post-operative day. 


It is apparent that exercise does not adversely affect the wounds of 
the animals three days postoperatively since statistical analysis reveals 
the reliability of the difference to be only 0.6. However 1 , on the fifth 
postoperative day the wounds of the exercised animals are stronger, the 
reliability of the difference between the groups being 3.3, which is 
statistically significant. By the tenth day postoperatively this difference 
disappears and the wounds in both controls and exercised animals are 
essentially the same (reliability of the difference is 1.4). The table 
and graph demonstrate further that the tensile strength of the incisions 
of the exercised animals reaches the maximum in five days while that 
of the controls requires ten days to attain the same resistance to dis- 
ruption. This indicates that the wounds of the exercised animals healed 
more rapidly than did the wounds of the relatively immobilized rats. 
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DISCUSSION 

To our knowledge the only experimental data with reference to the in- 
iluence of exercise on wound healing are those of Solomon,* Mason and 
Allen , 1 Kimbarovskiy,-' and Reid." Kimbarovskiy's paper is not ac- 
cessible. I he work of Soloinan and of Mason and Allen deals with the 
special problem of tendon healing which is not germain to our subject. 
Reid s studies led him to believe that immobilization is a most im- 
portant factor for primary wound healing. However, under the condi- 
tions of our experiments, exercise rather than immobilization seems to 
be (lie more valuable. 

Our findings confirm the^ early views as to the stimulating effect of 
Junction on healing, which had their inception in the work of Julius 
Wolff ’. 7 



days - post-operative 

■pig- i. Illustrating the influence of exercise on the healing of standard abdominal 

incisions in rats. 


An explanation of the increased tensile strength of the wounds caused 
by exercise at so early a period as the fifth day must be based on a 
shortened lag period or, conversely, a more rapid initiation of the period 
of fibroplasia. There is a latent period of about four days before the 
o-rowth of fibroblasts becomes appreciable in terms of tensile strength. 
Howes 8 found new fibrils of collagen within two days in wounds sewn 
with silk and in three days with catgut. Immature collagen fibers are 
7 j y aV ailable agent for increasing strength as early as the fifth day. 
tie r study of sections stained both with hematoxylin and eosin and 
Havener, s (- a in failed to show any constant variation in fibroblast 

with i ass . 0 f collagen between the exercised and unexereised 

activity or deposition 


groups. 
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Two particular items must be considered in the interpretation of our 
results. First, that the strength of the wound was determined by a 
relative and not an absolute method, and, second, that the rupture is a 
weakest-point rupture and so is not dependent on the strength of the 
sutures but essentially on actual healing of the tissues, and, to some 
extent, also on the holding power of the tissues for the sutures. 

This study suggests that early postoperative walking with its at- 
tendant activity is not a factor in the etiology of postoperative wound 
disruption. In fact, it is even probable that postoperative walking will 
decrease the incidence of evisceration. However, such a conclusion with 
reference to man must await detailed analysis of clinical material. 

SUMMARY 

1. Standardized laparotomy wounds were produced in rats and at 
intervals of three, five, and ten clays, the strength of the wounds was 
determined in animals which were kept at rest and in others which were 
exercised. 

2. Exercise rather than immobilization was found to hasten the in- 
crease in tensile strength of the experimental abdominal incision. 

We are indebted to Mildred Tliexton. B.S.. for valuable technical assistance, and 
to I. Arthur Mirsky, M.D., director of the May Institute, and his staff for their co- 
operation. 
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A STUDY OF Till-] PHYSICAL FACTORS CONCERNED IN 

INFLAMMATION 

II. So.mk Factors Which Influence the Spread of Bacteru ix 

Tissues* 

Oarroee J. Bkeeis.I M.D., Pir.L)., Springfield, Mo. 


INTRODUCTION 

TN A preceding' communication, certain physical and physicochemical 
ciiaracteristics of inflammation have been defined and quantitated. 
It was demonstrated that an inflamed focus, whether clinical or repro- 
duced in the laboratory, is the algebraic sum, so to speak, of opposing 
forces exerted on the two surfaces of the capillary wall. The initial 
mobilization of these forces is largely due to local chemical stimulation 
and partly to a retlex. However, the effort of the organism to deflect 
the activity of the irritant may become so intense and powerful that the 
irritant actually may be preserved due to the noxious, necrotizing effects 
of the inflammation itself. 

It behooves the surgeon dealing with inflammation to consider the 
profound effects of elevation and rigid immobilization to reduce swelling, 
thereby augmenting capillary and venular circulation, and minimizing 
the spread of bacteria. The favorable results which have been obtained 
by so treating inflammations of various types attest to the sound 
physiology governing this method. Realizing that bacterial spread is a 
corollary of their growth cycle and, therefore, stimulates inflammation, 
the rates of spread of various bacteria and the factors governing the 
spread were investigated in the experimental animal. 


Character of the Inflammatory Exudate 

The Cellular Exudate . — It is impossible to ascertain accurately the 
origin of the inflammatory cells. The polyvalent reticulum makes it 
difficult to define the limits of cytopoiesis. Although many authors sup- 
port the hematogenous origin of cells in the inflammatory field (Baum- 
o-arten , 8 Ranvier , 71 and Schridde 81 ), there is ample evidence that the 
local mesenchyme plays a large part in the production of inflammatory 
cells Ranvier even spoke of “vasoformative” cells which could produce 
blood vessels and cells simultaneously — mesenchymal elements lying in 
the position of the pericytes and which are isolated reservoirs with 
embryonic potencies. 

Although Wharton-Jones 03 distinguished between granular and non- 
alar white blood cells, Ehrliclr 3 first described the use of stains 
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to distinguish the cells. The granulocytes, the first leucocytes to arrive 
on the inflammatory field (Sherrington , 83 Muir , 64 Weiss , 97 Durham , 26 
Borrel , 12 Beattie , 0 Bunting , 14 Ewing , 00 and Hardy 47 ), have a varied 
heteroplastic origin: from the blood directly, local and emigrated 
lymphocytes (Feringa 32 ), endothelium (Gerlaeh and Finkeldey 41 ), and 
the local reticulum (Councilman 13 ). The lymphocyte may be of local 
origin from the reticulum, the macrophages, or directly from the blood. 
The consensus of opinion is that the lymphocyte lias the greatest po- 
tentialities of any cell in the inflammatory field, though the monocyte 
is often credited as being equipotential (Gay and Clark 30 ). The mono- 
cytes are important, but microorganisms may multiply in their interiors 
and be disseminated further. Monocytes may originate only from fixed 
or free histiocytes (Wolleuberg , 00 and Shiomi 84 ) or from other mono- 
cytes (Bloom 11 ), but there appears to be a morphologic interchange be- 
tween the lymphocyte and the monocyte (Paremusoff , 67 and Frumkin 38 ). 

The histiocytes of normal unaffected regions of the body are stimu- 
lated by chemiotactie, hormonal, or autonomic influences so that the 
normal composition of the blood is altered with the resulting coursing 
of cells produced in the normal tissues to the area in distress (Sauer- 
bruch , 78 Her2og, 4S Dominiei , 23 and Ribbert 76 ), but some investigators 
have doubted the value of this assistance. Maximow 56 has described 
three great cell types in the inflammatory field: (a) polymorphonuclear 
leucocytes; (b) polyblasts; and (e) fibroblasts. These categories in- 
clude all the cell types. 

The large phagoeytosing macrophages (polyblasts) are (a) hematog- 
enous (Michels and Globus 61 ), from the lymphocytes and monocytes, 
and (b) histogenous, from local fixed or free histiocytes (Ziegler , 100 
Foot , 35 Alfejew , 4 and Evans 20 ). Adventitial cells (the vasoformative 
cells of Ranvier) are capable of forming polyblasts (Marchand , 53 and 
v. Recklinghausen 72 ). The following names have been applied to the 
same cell: macrophage (Metschnikoff 50 ), clasmatocyte (Ranvier), vaso- 
formative cell (Ranvier), rhagiocrin cell (Renaut 74 ), histiocyte 
(Aschoff 0 ), endothelial leucocyte (Mallory 32 ), resting-wandering cell 
(Maximow), polyblast (Maximow), adventitial cell (Marchand), pyrrhol 
cell (Goldmann), wandering endothelial phagocyte, or anchored endo- 
thelial phagocyte (Cunningham, Doan, and Sabin). 

In the inflammatory field are present many cells which seem to be not 
definite cell types but rather cells which bear the characters of two 
or more cells. Waldeyer 93 named them plasma cells because of their 
abundant cytoplasm, but later Unna 01 and v. Marsehalko 54 described 
different cells which they also called plasma cells. According to 
Downey , 24 plasma cells are of histiocytic origin and are secretory in 
function. 

Fibroblasts are present at the inflammatory focus about the time the 
monocytes and lymphocytes appear, and are seen to he laying down 
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libel's even during tlie active process in an attempt to wall off the septic 
area. Later they are present in great numbers, laying down heavy 
meshes oi' fibrous connective tissue, and comprising nearly the total 
number of cells in the field. They originate from fixed and free 
histiocytes (Babkina , 1 and Parker 08 ), monocytes, lymphocytes, endo- 
thelium (Schaeffer 10 ), and other fibroblasts. Maximow, who repeatedly 
emphasized that fibroblasts are end cells, incapable of further differentia- 
tion, was vigorous in his denial of the work of v. Mollendorff 62 who de- 
scribed amitosis of fibroblasts in inflammatory areas to form polyblasts, 
granulocytes, and nongranular cells. Identical observations were made 
by Marchand, Siegmund , 85 Weatherford , 03 and Benninghoff . 10 Ebeling 27 
maintained that fibroblasts might multiply but never differentiate. 

Tissue mast cells arise from nongranular cells (Weill, DG and Staemm- 
ler 37 ), but their function is debatable. They may be concerned in the 
removal of inflammatory debris (Ccelen , 13 and Addison 3 ). Perhaps 
Danchakoff’s view 10 that environment, not parentage, of a cell governs 
its potencies is the most accurate. 

The Serous Exudate . — “Associated with these various changes we find 
increasing pouring of fluid from the tissues along the lymphatics, higher 
protein content of the discharged fluid and increased cell contents, both 
leucocytes and, it may be, red corpuscles. Such modified transudate is 
termed an exudate. In constitution it approaches more nearly to the 
blood plasma than does congestive edema fluid. It has, however, to be 
admitted that in different inflammations we find every transition from 
fluid of one type to the other ...” (Ada mi,- and Mehu 58 ). 

Spread of Bacteria in Tissues 

Polymorphonuclears secrete a tryptic enzyme, acting in an alkaline 
medium, which neutralizes the blood serum antienzyme and yields sup- 
puration (softening and eroding) (Opie oc ). Staphylococci, which tend 
to evoke abscess formation, form a eoagulase precipitating fibrin (v. 
Daranyi , 20 Chapman and associates , 10 Delezenne , 21 Fisher , 33 Gengou , 40 
Gratin , 43 Gross , 44 Loeb , 40 Madison , 31 Much , 63 Vanbreuseghem , 92 and 
Walston 04 ). On the other hand, fibrinolytic activity is possessed by 
hemolytic streptococci (Smith, Hankinson, and Mudge , 86 Tillett and 
Garner , 80 Pradhan , 09 and Dennis 22 ) and pneumococci (Goodlier , 42 and 
Ehoads and Goodlier 75 ). 

Opposing the localizing effects of bacteria is the tendency of fibrinol- 
ysis and diffusion known as the spreading factor (Boyland and Me- 
pi . 13 Claude , 17 Angevine , 3 Favilli and McCleau , 31 and Ilalban 40 ). 

TV^sp reading factor is present in many normal tissues (McCleau , 57 

A Duran-Reynals 23 ). The tetanus toxin, for example, has an ex- 
allCl v rv ability to diffuse rapidly through tissues. It was formerly 
traordina y xJn traV eled to the central nervous system via the 

believed ^ perineural lymphatics (Aschoff and Kobertson," 

endoneura a ” ' anJ1 and Elkeles , 36 Frohlich and Meyer , 37 Gum- 

Fletcher, * -.fever 50 Marie , 03 Meyer and Ransom, cu and Teale 

precht , 45 Loewi and Mejei, 
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and Embleton 85 ) . Following Shdanow’s 82 demonstration that no con- 
nection existed between the central nervous system and the lymphatics 
of the peripheral nerves, Abel 1 showed that the toxin was absorbed by 
the blood and then distributed to the central nervous system. 

Statement of the Problem 

Since Menkin observed that the local swelling incident to inflammation 
mechanically isolates the infection and precludes central migration of 
bacteria, it was planned to determine the blocking effect to strychnine 
exerted by an inflammatory focus, since the physiologic effect of this 
drug is so striking. 

It has been known that different bacteria possess different faculties 
of transmitting themselves in tissues (spreading factor) ; therefore, it 
was proposed to study the rate of transmission of various common 
bacteria. The diffusibility of tetanus toxin, which spreads extremely 
rapidly in tissues, suggested a satisfactory medium for studying the 
spreading factor of a pure toxin. Following this, the diffusibility of 
various dyes would be determined and then the bacterial spread de- 
fined by staining the injected bacterial suspensions with these dyes. 

Because the spreading factor of an organism operates in a manner 
opposite to the local fixing power of the inflamed area, the degree of 
fibrinolytic and fibrinogenic power possessed by certain common staphy- 
lococci and streptococci warranted investigation. 


METHODS AND EXPERIMENTS 


Spread of Toxins 


Strychnine . — To determine the diffusibility of strychnine sulfate from 
an inflamed area, 2 white rats, each weighing about 250 Gm., were 
etherized and the spine transected at the twelfth dorsal vertebra. Then, 
into a tarsal pad was injected 1.0 e.e. of 5 per cent strychnine sulfate. 
In a third rat, after transecting the spine, the left leg was immersed in 
boiling water for 1 minute. Twenty -five hours later, 1.0 e.e. strychnine 
sulfate was injected into the left tarsal pad. In a fourth rat, under 
ether anesthesia, the right tarsosural area was circularly burned (using 
a hot nail), giving a ring-shaped burn. Tiie following day 1.0 e.e. 
strychnine sulfate was injected into the right tarsal pad. In another 
etherized rat, the spine was transected at about the tenth dorsal vertebra 
aud a ring burn made in the skin of the right sural region the following 
day. Twenty-four hours later, 1.0 e.e. strychnine sulfate was injected 
into the right tarsal pad. The results of these experiments are <dven in 
detail in Table I. 

Tetanus .— 1 To determine the rate of absorption of tetanus toxin* from 
the rat’s tail, 31 rats were used. The tetanus toxin was supplied in 
evacuated vials from which fresh solutions were made. In this series 
ofanmials toxm was injected into the tip of the tail and the tail removed 
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Table I 

Difeusibility op i’lVE Peu Cent Strychnine Sulfate Solution Tiibougii 
Inflamed Areas ix tjie Rat 


xo. 

PROCEDURE 

RESULT 

= 


IL 

1 ex. into tarsal pad 

Lethal convulsion 2 min. 

“20 

gee. 

b 

1 c.c. into tarsal pad 

Lethal convulsion 2 min. 

20 

tee. 

c 

1 c.c. into heat-inflamed area of leg 

Xo convulsion; survival 



cl 

King burn of leg; 1 c.c. into nor- 

Xo convulsion; survival 




niul distal portion 




0 

King burn of leg; 1 c.c. into nor- 

Convulsion G min.; death 

9 

min. 


mnl distal poition 





at its base with bone-cutting forceps under ether anesthesia at various 
intervals. No ligature is necessary after amputation since the bone 
cutter crushes the caudal vessels sufficiently for hemostasis. In some 
animals, the survival period after injection of the toxin directly into the 
heart cavity was compared with that after subcutaneous injection. The 
results of these experiments are similar to those obtained by Scliimmel- 
busch. 80 


Spread of Bacteria 

Nissen 05 found that 5 minutes after injection of hundreds of thou- 
sands of Bacillus anthracis intravenously in rabbits, negative blood 
cultures were obtained; however, organisms were recovered from the 
liver, spleen, and bone marrow. Such is not the ease, however, with 
B. prodigiosus, for when cultures of this organism are injected intra- 
peritoneally, intravenously, or intratesticularly into rabbits, the rabbits 
are dead in 24 hours (Rosahn and Hu 77 ). More recently, Reichel' 3 
found that intravenously injected bacteria were rapidly removed from 
the blood by antibodies and reticulo-endothelial tissues. Since virulence 
and invasiveness are different properties (Topley 00 ), our experiments 
were performed with various organisms. 

Spread of Bacteria in Normal Tissues. — In this series of experiments, 
75 rabbits were used, the general procedure in each case being to make 
a subcutaneous injection of a bacterial suspension and then to take 
samples of subcutaneous tissue at definite distances from and including 
the injection point every four hours thereafter. 

Bacterial counts were made in the following manner: The culture, 
usually on an agar slant, was suspended in sterile broth and diluted 
until the desired turbidity, as compared with a standard bacterial sus- 
pension, was reached; this gave the approximate count. Then, equal 
mounts of the suspension and blood from finger puncture obtained in 
^ 'llurv pipette were blown out and mixed on a slide. A smear was 
V^made which was stained with Wright’s stain. Twenty-five fields 
t ieQ then counted under the oil immersion, the average erythrocyte 
were 1 average bacterial count per field being calculated, 

count per neiu <- 

Then : 


5,000,000 
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where x is the bacterial count per cubic millimeter. Assuming that the 
blood contained 5,000,000 erythrocytes per cubic millimeter, lOOOx gives 
the bacterial count per cubic centimeter. 

In every case, 0.25 or 0.5 e.c. suspension was injected into the sub- 
cutaneous tissues over the tarsosnral joint, and samples of subcutaneous 
tissue taken, usually every four hours, at 0, 3, 6, 9, and 12 cm. above 
the injection site, 0 referring to the sample taken directly from the in- 
jection site. Thus, five samples of subcutaneous tissue were taken from 
each animal, one rabbit being sacrificed every four hours. Although, 
in the first experiments, the leg into which the injection was to be made 
was depilated with barium sulfide prior to the injection, the depiiation 
in latter experiments was deferred until the time of sampling since it 
was found that barium sulfide produces inflammation of sufficient in- 
tensity to cause serious consideration of its blocking effect on bacterial 
spread. 

Sacrifice of the animal having been made by a blow over the occiput, 
ether or other blood contaminants being avoided because of their ques- 
tionable effect on bacteria, the extremity of the rabbit was placed on 
several clean towels so that it was horizontal. An area considerably 
wider than that to be incised was thoroughly wetted by patting, not 
rubbing, water into the fur. Then the barium sulfide was sprinkled 
over the wet area and gently patted down into the hairs, any rubbing 
being studiously avoided in order to obviate any mechanical spreading 
effect. After 3 minutes, using clean cloths, the sulfide was wiped off 
gently from multiple areas, the wiping motion progressing from distal- 
to-injection site toward the injection site itself. In the same manner, 
The remainder of the sulfide was washed away with w’ater, and then 70 
per cent ethyl alcohol was flushed over the entire field followed by flush- 
ing with sterile 0,9 per cent sodium chloride solution. 

All instruments having been sterilized, the skin 12 cm. above the 
injection site was incised and an area of subcutaneous tissue quickly 
cut away and placed in a sterile Petri dish for culture. The tissues from 
the 9, 6, 3, and 0 points were taken in the order named in order to avoid 
any possible contamination that might occur if tissues were taken in the 
reverse direction. 

In the latter experiments, an attempt was made to compare the growth 
from actual tissue substance in the manner just described with growth 
from subcutaneous fluid. To obtain this fluid, five previously sterilized 
tuberculin syringes and No. 25 gauge hypodermic needles were used 
Before an incision was made into a designated area for excision of 
tissues, 2 minims of sterile saline solution were injected subcutaneous! v 
into the area and quickly aspirated, rotating the syringe in order to 
prevent plugging of the needle opening. At best, only a trace of sab- 
cutaneous fluid is aspirable, even in distinctly edematous areas. The 
material so obtained was then quickly squirted into a sterile Petri dish 
for culture. 1 
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In nearly all ol tiio.se experiments, a specimen from the spleen was 
cultured as an example of a reticulo-endothelial structure. Experiments 
(to be described later) showed that intravenous injections of large quan- 
tities of bacteria were entirely removed from the blood stream in. 15 to 
20 minutes. Therefore, in the rabbits injected subcutaneously, no blood 
cultures were obtained, but the spleen was cultured in order to deter- 
mine if bacteria which rapidly spread subcutaneously were not also 
delivered into the blood and removed by the retieulo-endothelium. To 
obtain spleen specimens, the sacrificed animal was held supine and the 
skin of the entire abdomen • rapidly reflected to each side with a 
sharp scalpel. Tincture of iodine was then flooded over the skinned 
abdomen and allowed to act for one to two minutes. Then using sterile 
instruments, a small incision through the abdominal muscles over the 
stomach was made, the spleen rapidly delivered into the wound by 
traction on the gastrosplenie omentum, and a piece cut off and placed 
in a sterile Petri dish. In order to avoid the bactericidal effect of iodine 
on any bacteria in the spleen, the instruments used to incise the iodized 
muscles of the abdomen were always discarded and fresh sterile in- 
struments used to manipulate the spleen. 

In the earlier experiments, it was thought advisable to determine 
the number of colonies grown on the Petri dishes in terms of unit tissue 
weight. For this purpose, previously weighed Petri dishes were used, 
the sample from the animal then being placed in a sterile dish and 
triturated with 5 c.e. sterile 0.9 per cent sodium chloride solution. The 
supernatant fluid, 2.0 c.c., was then pipetted into a sterile Petri dish 
for culture. The number of colonies grown x5 was the total number 
of colonies per weight of tissues used. Then : 

Wt. of tissue (mg'.) Number of colonies grown/weight of ti ssue 
1000 x 

where x is the number of colonies per gram of tissue. 

The calculation of "number of colonies per gram of tissue” was not 
done in the latter experiments because (a) the initial tissue weights 
were too small to permit accurate weight differences in the Petri dishes, 
and (b) the procedure was considered as inviting contamination. 

The samples of subcutaneous tissue, aspirated fluid, or spleen in the 
Petri dishes were cultured after flooding with agar previously melted at 
100° C. and then brought to 35° C. before pouring over the specimen. 
IVhere blood agar was used, rabbit heart blood was obtained by aspira- 
trough the anterior chest wall, the area being previously depilated, 

1 e( j ”jth full strength tincture of iodine, and cleared with Richard- 
s , i rtion Two large stock rabbits were kept for this purpose (ten 
sons so \ twelve pounds), 10 c.e. of blood being taken at one time 
pounds rphe rabbits were used alternately in order to avoid loo 

from a ra 1 ' Ration ■ ; n a single animal and io allow the pectoral 
severe bioo previous needle tract before being used again, 

muscles to sterilize 
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The blood so obtained was always cultured before making the blood agar 
to be certain of its sterility, any question of contamination resulting in 
tlie discarding of the blood. 

The specimens were cultured in an incubator at 38° C. and inspected 
from time to time; when the number of colonies reached the maximum 
they were counted, using a hand lens to see the more recent pin-point 
colonies, the number being recorded irrespective of size. The counting 
was facilitated by marking the Petri dishes with a glass marking pencil, 
subdividing eaeh into several areas, each of which could be checked off. 
Usually, the final counts were made at the end of -48 hours after culture. 
Where tlie colonies were too numerous to be counted accurately, they 
were recorded as ‘ ‘ innumerable. ’ ’ 

In some preliminary experiments, specimens of liver as well as spleen 
were cultured, but because of bleeding incident to excision of either 
of these organs with constant contamination of the other by blood, only 
the spleen was used in succeeding experiments. In each experiment, 
a control animal injected with saline solution subcutaneously was 
sacrificed 24 hours after injection and tissue samples were cultured. In 
nearly every case there was found to be contamination with Staph, a?. bus 
but not other organisms. The organisms used were ; Sir. viridans, 18 
rabbits; Str. hemolyticus, 12 rabbits; pneumococcus type I, 6 rabbits; 
B. prodigiosus, 6 rabbits; B. pyocyaneus, 9 rabbits; Staph, aureus 
(stock; Connaught), IS rabbits; B. colip 6 rabbits. 

Diffusibility of Various Dyes: Pohle™ pointed out that many proper- 
ties of dyes are important in determining their diffusibility through the 
capillary wall. Since we "were interested in evaluating the spreading 
factor in certain bacteria using dyes it was necessary to determine the 
diffusibility of the dye chosen in our particular experimental animal. 

In 5 individual rabbits, intramuscular injections into the thigh were 
made of 5 c.e. 20 per cent sodium thiosulfate solution, 5 e.e. 2 per cent 
Congo red, 5 e.e. 2 per cent trypan red, 5 c.c. 2 per cent indigo carmine, 
and 4 e.e. 2 per cent trypan blue, and samples of heart blood plasma 
and urine examined at various intervals for the injected substance. The 
urine was obtained by cystostomy and the blood by cardiac puncture. 
The sites of injection were also inspected to determine the degree of 
stain remaining at various intervals. 

Since our main experimental animal for evaluating the spreading 
factor was to be the rat, the rates of diffusion of several dyes were de- 
termined in 12 rats. After shaving a small portion of the abdomen, 1 
minim of the dye solution was injected subcutaneously on one side and 
intracutaneously on the other. The dyes used were India ink, 1 per cent 
Congo red, 1 per cent trypan blue, 1 per cent pontamine sky blue, 1 per 
cent methylene blue, and 1 per cent indigo carmine. The animals were 
sacrificed at 12 and 24 hours and after incision of the skin the areas 
were inspected for diffusion of tlie dyes. 

To determine the difference in rate of spread of the dyes between sub- 
cutaneous and intramuscular injection, various dyes were injected intra- 
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muscularly in 24 mature piebald rats. Into six of them about 0.25 c.e. 
aqueous 0.8 per cent indigo carmine was injected into the crural 
muscles on the right. About 0.25 e.c. aqueous 1 per cent pontamine sky 
blue was injected on the left. 

In a second group of 6 animals, 0.25 c.c. 2 per cent aqueous trypan 
blue was injected on the right and 0.25 e.c. 1 per cent on the left. 

In a third group of six rats, about 0.25 c.c. aqueous 5 per cent 
methylene blue was injected on the right, and about 0.25 c.c. I per cent 
on the left. 

In a fourth group of 6 rats, about 0.25 c.c. aqueous 2 per cent Congo 
red was injected into the crural muscles on the right and about 0.25 c.c. 
1 per cent on the left. 

One individual from each group was sacrificed by etherization and 
necropsied at 2, 4, 8, 14, 24, and 48 hours. The injected areas were 
incised and the density of the stain present was noted. 

Spreading Factor of Bacteria: In this comparison nearly 700 rats 
were used. In general, the procedure consisted of mixing bacterial cul- 
tures with various dyes, injecting the colored culture subcutaneously 
in the rat, and determining the degree of spread from the original in- 
jection site at various time intervals thereafter by observing the 
diffusion of the color. Sterile broth, colored with dye, was used as a 
control for each type of bacteria. The dyes used were: trypan red, 

1 per cent; trypan blue, 1 per cent; indigo carmine, 0.8 per cent; Congo 
red, 1 per cent; India ink; methylene blue, 1 per cent; and pontamine 
sky blue, 1 per cent. 

The organisms used were: Staph, albus, Staph, aureus, Str. hemo- 
lyticus, B. coli, pneumococcus type I, B. pyoexjaneus, B. prodigiosus, and 
Cl. welchii. 

The organisms were each cultured in veal-infusion peptone broth. 
To 14 c.c. of broth culture 0.5 c.c. of dye was added using a tuberculin 
syringe fitted with a No. 25 gauge hypodermic needle. The bacterial 
count was made according to the method described. As controls, 0.5 e.c. 
of dye was added to 14 c.c. of sterile broth. Thus, for each experiment 
(one organism/type being used for one experiment), fourteen tubes 
were set up, seven containing broth culture mixed with dyes, and seven 
containing sterile broth mixed with dyes: 


1 Trypan red — culture 

0 Trypan blue — culture 

3 ' pontamine sky blue— culture 

4 indigo carmine— culture 

1 India ink-culture 

6. Congo red— culture 


S. Trypan red — sterile broth 
9. Trypan blue — sterile broth 

10 . Pontamine sky blue — sterile broth 

11. Indigo carmine — sterile broth 

12. India ink — sterile broth 

13. Congo red — sterile broth 

14. Methylene blue — sterile broth 


5; Methylene blue-culture 

1 tube 0.5 c.e. of mixture was aspirated with a tuberculin 
From eac 1 > ^ ^ 95 gauge hypodermic needle and injected into 

syringe fitte " sll peutaneous tissue of the abdomen, the number 

five or seven ia s upon the times at which they were to be 

of rats injected depen D 
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sacrificed. Thus, if five rats were injected with each numbered mixture 
above, a total of 5 times 14 or 70 rats would be injected. At the time 
of sacrifice, one of each number above would be etherized, totaling four- 
teen etherizations. Thus, if it were intended to study at 2, 6, 12, 24, and 
48 hours after the injection, 5 times 14 or 70 rats would be injected, and 
at the end of each designated time interval, 14 rats would be sacrificed. 

At the time of sacrifice, the rat was laid supine, each “culture-dye” 
rat lying side by side with a control “sterile broth-dye” rat. The skin 
of the abdomen was slit open with a sharp scissors and reflected to either 
side. The diffusion and intensity of color of the subcutaneous tissue 
was examined and each infected rat compared with its control. In- 
tensity of color was noted as 1 to 4, the range being from a trace to very 
heavy persistence of color. A trace cannot be strictly interpreted as 
indicating that the bacteria or its toxin bad diffused into the rat’s body, 
because a dye may leave a stained bacterium or the adsorbed toxin mole- 
cule and diffuse separately. In addition, the degree of diffusion from 
the original injection site was noted and designated as slightly diffused 
(s.d.), well diffused (w.d.), or all diffused (a.d.). A slight diffusion 
would mean a spreading of color just beyond the control diameter; well 
diffused indicates that nearly the entire abdominal subcutaneous tissue 
was stained; and all diffused would mean that not only the abdominal 
subcutaneous tissue was stained but the subcutaneous tissue of the thighs 
and back. 

Action of Bacterial Filtrates on Plasma Clots: Although the work 
of other observers has demonstrated the presence of plasma coagulating 
substances in bacterial filtrates on citrated plasma, the following ex- 
periments were undertaken with a view of quantitating, if possible, the 
clotting phenomenon. 

In one rabbit, freshly aspirated heart blood was citrated to 0.5 per 
cent with sodium citrate. The blood then was centrifuged and the 
plasma retained. The optimum recalcifieation time with 5 per cent 
calcium chloride solution was obtained, and 3 c.c. quantities of citrated 
plasma recaleified; 0.5 e.c. of a 225 million per cubic centimeter of saline 
suspension of Stupli. aureus was added to the citrated plasma and the 
effects on the clot noted. 

In another experiment, the staphylococcus suspension, was filtered and 
t lie filtrate used in place of the whole suspension. 

In a third experiment the staphylococcus filtrate was added to citrated 
plasma. 


From an autopsy on a patient who had just expired from a strep- 
tococcal pneumonia, a fresh culture of gamma hemolytic streptococci 
was obtained from the pleural fluid on an agar slant, pure smears beiim 
obtained. The organisms were suspended in saline in a concentration 
of 100 million per cubic centimeter, and 0.5 e.e. of tins suspension added 
to a 3 e.e. recaleified plasma clot. In another experiment 05 ee of a 
filtrate of the suspension was added to the reelaeified plasma dot. ' In a 
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thml experiment 0.5 e.e. of the filtrate was added to 3 c.e. ol titrated 
plasma. 


RESULTS 

Spread of Toxins 

Strychnine.— In a group of 5 rats, it was found that if strychnine was 
injected into normal subcutaneous tissues, lethal convulsions would 
occur in 2 minutes 20 seconds. If the drug were injected into a heat- 
in burned area, the animal survived. If injected below an inflamed area 
on the leg, the convulsions were either obviated entirely or delaved 
(Table I). 


Tabus II 


Rate or Absorption* of Tetanus Toxin Injected Into Tip of Rat’s Tail asp 

Into Heart 


NO. 

AMT. INJECTED ROUTE OF 
(.MG.) INJECTION 

interval before 
amputation 

(ix MIN.) 

RESULT 

a 

2 

Heart 

0 

Dead in 2 days 

2 

o 

Heart 

0 

Dead in 4 days 

o 

j2 

Heart 

0 

Dead in 2 days 

4 

o 

Heart 

0 

Dead in 2 day3 

5 

.4 

Heart 

0 

Dead in 2 days 

(5 

A 

Heart 

0 

Dead in 2 days 

7 

.1 

Tail 

0 

Dead in 8 days 

s 

.1 

Tail 

Immediate 

Survived 

9 

.1 

Tail 

30 

Dead in 7 days 

10 

.1 

Tail 

60 

Dead in 5 davs 

u 

.1 

Tail 

90 

Dead in 2 days 

12 


Tail 

0 

Dead in 4 days 

13 

2> 

Tail 

0 

Dead in 2 days 

14 

o 

Tail 

0 

Dead ia 2 days 

15 

2 

Tail 

0 

Dead ia 3 days 

10 

jl 

Tail 

Immediate 

Survived 

17 

2> 

Tail 

Immediate 

Survived 

13 

.2 

Tail 

5 

Survived 

19 

.2 

Tail 

10 

Survived 

20 

_2 

Tail 

10 

Dead in 5 days 

21 

j? 

Tail 

20 

Dead in 3 days 

o 2 

2* 

Tail 

20 

Survived 

23 

JO 

Tail 

30 

Dead in 3 days 

21 

A 

Tail 

0 

Dead in 2 days 


A 

Tail 

Immediate 

Survived 

26 

A 

Tail 

5 

Survived 

27 

’ -I , 

Tail 

10 

Dead in 3 days 


.4 

Tail 

20 

Dead in 5 days 

29 

A 

Tail 

25 

Dead in 3 days 


A 

Tail 

00 

Dead in 2 days 

31 

A 

Tail 

90 

Dead in 2 days 


Tetanus .—' Tetanus toxin injected into the heart ot* tip of the tail 
- vats is equally lethal, death usually occurring in 2 days. U the tail 
m 1 te( j within 10 to 20 minutes after the injection into the tip, the 
is a»P u - e xj su ally the animal will die of tetanus if more than 

Tt™ 1 0 minutes expires after injection before amputating the tail (Table 

II). 
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Spread of Bacteria 

Spread of Bacteria in Normal Tissues . — Following subcutaneous in- 
jection of bacterial suspensions in rabbits, organisms which spread 
rapidly ( S . viridans, S. aureus, pneumococcus type I, and B. coli) were 
also found to an equivalent degree in the spleen. The rates of spread of 
these organisms are shown in Figs. 1, 2, 3, and 4. Some strains of 
Staph, aureus, B. prodigiosus, and B. pyocyaneus injected subcutane- 
ously did not spread to any demonstrable degree as far as the culture 
technique is able to show. It was found that aspirated fluid in the 
infected field contained organisms when a great number could be demon- 
strated in culture of the whole tissue itself (Table III). 




Fig. 1. Fig. 2. 

Fig. 1. — Rate of Str. viridans spread in subcutaneous tissue of the rabbit. 

Fig. 2. — Rate of pneumococcus type I spread in subcutaneous tissue of the rabbit 



Fig. 3.— Rate of Staph . aureus spread in subcutaneous tissue of the rabbit 
Fig. 4. — Rate of B. coJi spread in subcutaneous tissue of rabbit 


D iff usability of Various Dyes: Congo red, given intramuscularly in 
rabbits, is found in slight concentrations in the blood and urine. Trypan 
red, however, injected similarly, is readily found in the blood,' and 
indigo carmine is found in high concentrations in the urine. Trypan 
blue is rather indiffusible, remaining at the injection site (Table IV) 
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Table 111 


NO. 


NUMBER 

INJECTED 


CM. FROM 

injection 


A. Strep, viridans: 


NO. Op COLONIES AT TIME INDICATED 


a 750,000,000 
b 1,880,000,000 


^ HR - 3 HR. 4 HR. 24 HR. 


132 

6m. 

10S4 


18,333 

Gm. 


— 1084 _ 


c 1,950,000,000 


Spleen 

Liver 


4 HR. 8 HR. 42 HR. 16 HR. 20 HR. 


24 HR. 


0 


d 1,060,000,000 

0 

3, 6, 9, 

Spleen 

Liver 

0 

3 

6 

9 

12 

a 

12 0 

0 

0 

Innum. 

0 

0 

0 

0 

Innum. 

0 

0 

0 

Innum. 

Innum. 

0 

0 

0 

Innum. 

0 

0 

0 

Innum. 

0 

0 

0 

0 

Innum. 

0 

0 

0 

Innum. 

4 

Innum. 

0 

0 

Innum. 

0 

Innum. 

Innum. 

Innum. 

Innum. 

Innum. 

Innum. 

363 

Innum. 

0 

Innum. 

Innum. 

Innum. 

Innum. 

203 

346 

333 

B. Strep, liemolyticus: i 

a. 775,000,000 

Spleen 

249 





413 

100 


0 

Innum. 

Innum. 



■SShmII 

Innum. 


3 

18 

121 


25 

53 

45 


6 

49 


61 

47 


50 


9 

246 

1295 

75 



80 


12 

70 

22 


16 

45 




40 min. 


4 HR. 


Spleen 

27 

27 

85 


■an 

68 






429 

58 

21 


3 

57 

52 

57 

156 

17 

147 


6 

24 


31 

125 

24 



9 


36 

16 

7 

51 



12 



9 


96 



C. Pneumococcus type I: 


4 HR. S HR. 13 HR. 16 HR. 20 HR. 24 IIR. 


a 450,000,000 Liver 

— 




88 

5 

9 

Spleen 

— 

— 

— 

297 

13 

264 

0 

Innum. 

Innum. 

Innum. 

Innum. 

Innum. 

Innum. 

3 

0 

Innum. 

Innum. 

Innum. 

Innum. 

Innum. 

6 

0 

0 

Innum. 

1134 

Innum. 

Innum. 

9 

0 

0 

0 

244 

12 

2 

12 

0 

0 

0 

39 

0 

894 


D. B. prodigiosus.- 


— SOiyKKpOO Spleen 

0 

0 

0 

0 

0 

0 

a ' 0 (tissue) 

38 

10 

7 

17 

125 

0 

0 (fluid) 

18 

0 

0 

o 

ss 

0 

3 (tissue) 

0 

0 

0 

0 

3 

0 

3 (fluid) 

0 

0 

0 

0 

0 

0 

6 (tissue) 

0 

0 

0 

0 

0 

0 

6 (fluid) 

0 

0 

0 

0 

0 

0 

• 9 (tissue) 

0 

0 

0 

0 

0 

0 

9 (fluid) 

0 

0 

0 

0 

0 

0 

12 (tissue) 

0 

0 

0 

0 

0 

0 

12 ( fluid) 

0 

0 

0 

0 

0 

0 






UELL1S: PHYSICAL V ACTORS IN INFLAMMATION 


70 !) 


Table III — Cost's) 


NUMBER 
* INJECTED 

CM. FROM 
INJECTION 


NO. OP 

COLONIES 

AT TIME INDICATED 


E. B.p’jocyaneus: 



1 HR. 

S HR. 

12 HR. 

16 HR. 

20 HR. 

21 HR. 

a 1,000,000,000 

Spleen 

0 

0 

0 

0 

0 

0 


0 (tissue) 

Innum. 

Innum. 

Innum. 

Innum. 

Innum. 

Innum. 


0 (fluid) 

Innuni. 

Innum. 

Innum. 

Innum. 

Innum. 

Innum. 


3 (tissue) 

0 

6 

10 

0 

0 

0 


3 (fluid) 

0 

0 

Innum. 

0 

1 

G 


G (tissue) 

0 

0 

0 

0 

0 

8 


0 (fluid) 

0 

0 

0 

0 

0 

0 


9 (tissue) 

0 

0 

0 

0 

0 

0 


9 (fluid) 

0 

0 

0 

0 

17 

0 


12 (tissue) 

0 

0 

1 

0 

0 

0 


12 (fluid) 

0 

0 

0 

0 

1 

0 

b 1,000,000,000 

Spleen 

0 

0 

— 

o 

— 

0 


0 (tissue) 

— 

Iuuum. 

— 

Innum. 

— 

Innum. 


0 (fluid) 

— 

Innum. 

— 

Innum. 

— 

Innum. 


3 (tissue) 

— 

0 

— 

0 

— 

Innum. 


3 (fluid) 

— 

0 

— 

0 

— 

Innum. 


0 (tissue) 

— 

0 

— 

4 

— 

2 


6 (fluid) 

— 

0 

— 

0 

— 

0 


9 (tissue) 

— 

0 

— 

0 



8 


9 (fluid) 

— 

0 

— 

0 

— 

0 


12 (tissue) 

— 

0 

— 

0 

— 

0 


12 (fluid) 

— 

0 

— 

0 

— 

0 


F. Staph, aureus: 


a 1,650,000,000 


0 

0 

0 

0 

i 

0 

(stock) 

mmm. 

Innum. 

Innum. 

1 

3 

563 

9 


3 

4 

28 

0 

0 

26 

0 


6 

0 

21 

0 

0 

0 

0 


9 

0 

0 

0 

0 

0 

0 


12 

0 

50 

0 

0 

0 

0 

b 5,000,000,000 

Spleen 

5 

16 

7 

9 

0 

15 

(Connaught) 

0 

Innum. 

191 

Innum. 

47 

4 

156 


3 

0 

6 

6 

6 

2 

3 


6 

0 

0 

0 

0 

0 

4 


9 

0 

0 

0 

0 

0 

12 


12 

0 

0 

0 

0 

0 

1 

c 2,665,000,000 

Spleen 

0 

0 

0 

0 

0 

0 


0 (tissue) 

2 

Innuni. 

Innum. 

57 

13 

5 


0 (fluid) 

s 

Innum. 

Innum. 

Innum. 

0 

1 


3 (tissue) 

0 

0 

0 

1 

1 

0 


3 (fluid ) 

0 

0 

3 

0 

0 

0 


6 (tissue) 

0 

0 

0 

1 

0 

0 


6 (fluid) 

0 

27 

0 

0 

0 

0 


9 (tissue) 

2 

0 

0 

0 

0 

0 


9 (fluid) 

0 

0 

0 

0 

0 

0 


12 (tissue) 

0 

0 

0 

0 

0 

0 


12 (fluid) 

0 

0 

0 

0 

0 

0 


G. B. Coli: 


Spleen 

0 

£> 

0 

14 

4 

10 

0 (tissue) 

Innum. 

Innum. 

Innum. 

Innum. 

Innum. 

Innum. 

0 (fluid) 

Innuni. 

Innum. 

Innum. 

Innuni. 

Innum. 

Innuni. 

3 (tissue) 

0 

29 

Innuni. 

12 

71 

7 

3 (fluid) 

0 

4 

6 

0 

6 


0 (tissue) 

0 

41 

100 

5 

14 

15 

6 (fluid) 

0 

3 

0 

15 

S 

11 

9 (tissue) 

0 

0 

17 

21 

32 


9 (fluid) 

0 

0 

16 

3 

4 


12 (tissue) 

0 

0 

0 

23 

100 

o 

12 (fluid) 

0 

0 

0 

1 

13 ‘ 

14 
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Table IV 


Appearance in Blood and Urine op Various Substances Injected 
Pakknterally Into the Rabbit 


NO. 

SUBSTANCE 

BLOOD 

URINE 

CONCENTRATION at 

injection site 

a 

Sodiutu thiosulfate 

0 

0 



b 

Congo red 

Slight 
(I hr.) 

10 min. 

— 

c 

Trypan red 

Heavy 

Trace 

Heavy 

d 

Indigo carmine 

Slight 

Heavy 

Slight 

c 

Trypan blue 

0 

— 


In rats, pontamine skj r blue, Congo red, indigo -carmine, and trypan 
blue diffuse best in the order named, after intracutaneous and sub- 
cutaneous injection. India ink was found to be indiffusiblc. Diffusion 
of methylene blue similarly injected cannot be evaluated because of the 
decoloration it undergoes in the tissues (Table V). 


Table V 


DiFFUSIBILlTY OF PARENTERALLY INJECTED DYES IN RaTS 


DYE j 

i 12 

HOURS ) 

21 HOURS 

SUBCUT. 

[ INTRACUT. j 

SUBCUT. 

| INTUACUT. 

Methylene blue 

Not well dif- 

Not well dif- 

Not well dif- 

Not well dif- 

fused 

fused 

fused 

fused 

Pontamine sky 

Both well dif 

- Both well dif- 

Both well dif- 

Both well ilif- 

blue 

fused 

fused 

fused 

fused 

India ink 

Poorly dif- 

Poorly dif- 

Poorly dif- 

Poorly dif- 


fused 

fused 

fused 

fused 

Indigo carmine 
Trypan blue 

No trace 

Localized 

No trace 

Localized 

Slight diffu- 
sion 

Localized 

Well diffused 

Localized 

Congo red 

Well diffused 

Well diffused 

Well diffused 

Well diffused 


In a series of 24 rats, it was found that difference of concentration 
of a dye did not appear to influence its diffusion from an intramuscular 
injection site. Methylene blue, trypan blue, indigo carmine, and 
pontamine sky blue diffuse well from such areas (Table VI). 

Table VI 


DiFFUSIBILlTY OF DYES INJECTED INTRAMUSCULARLY IN RATS IN DIFFERENT 

Concentrations 


time of 

necrotsy 
(IN HR.) 


II 

21 


IS 


INDIGO 

carmine 

(. 8 %) 

3 

Trace 

Faint 

trace 

Absent 

Absent 

Trace 


pontamine I 

SKY BLUE 

TRYPAN BLUE ^ 

METHYLENE 
BLUE | 

CONGO RED 

(i%) 1 

(2%) 

1 1 

(5%) | 

1 (1%) 1 

(2%) 1 (1%) 

i 

1 

4 

4 

1 

1 4 


Dif. 

Dif. 

Dif. 

Dif. 

Dif. Dif. 


4 

1 

1 

4 

1 3 


Dif. 

Dif. 

Dif. 

Dif. 

Dif. Dif. 

Trace 

1 

4 

1 

1 

1 

Dif. 

Dif. 

Dif. 

Dif. 

Dif. Dif. 

Diffusing 

1 

1 

1 3 


Dif. 

Dif. 

Dif. 

Dif. 

Dif. Dif- 

Absent 

Trace 

1 

2 

1 

»> 

Dif. 

Dif. 

Dif. 

Dif. 

Dif. Dif. 

Absent 

1 

Dif. 

1 

Dif. 

Trace Trace 

2 to 3 1 

Dif. Dif- 


X)i£. =cW£u sin S- 
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Spreading Factor of Bacteria: Bacteria which, create severe in- 
flammations (the rat is not subject to severe inflammations) form 
edematous areas at the subcutaneous injection sites wherein the dye is 
held. This is true for hemolytic streptococci, Staph, aureus, B. c oli, and 
B. pyocyaneus . None of the organisms used grow well in the rat. In 
fact, the rat is quite resistant to any bacterial growth. 

Indigo carmine, because of its great diffusibility, is of no value in 
determining spreading factor by this method. Methylene blue, because 
of its great diffusibility and greater tendency to become decolorized, 
should also not be used. Staphylococcus, in particular, exerts a strong- 
decolorizing effect on methylene blue. 

All the bacteria used caused the dye to diffuse better than the control 
broth-dye mixtures. Even the relatively indiftusible India ink diffuses 
better when mixed with bacterial suspensions. S. aureus and S. aibus 
have definite spreading factors as tested by this method. B. pyocyaneus, 
B. prodigiosus, and pneumococcus type I show mild spreading factors 
(at least, in the rat). Sir. hemolyticus appears to have a strong spread- 
ing factor. The "Welch bacillus, however, has the most powerful spread- 
ing factor of all the organisms used; within 2 hours, the dye-Weleh cul- 
ture has diffused to all parts of the subcutaneous tissue of the rat 
(Table VII). 

Action of Bacterial Filtrates on Plasma Clots: It was found that 
staphylococcus suspensions contain a fibrinolysin which can partly 
liquefy a plasma clot in some instances. On the other hand, certain 
staphylococcus filtrates contain a coagulase which clots eitrated plasma 
(Table VIII, A). 

Gamma hemolytic streptococcus suspensions liquefied plasma clots. A 
coagulase is, apparently, first formed by streptococci, and a fibrinolysin 
is formed later (Table VIII, B). 

DISCUSSION 

The blocking effect on the passage of strychnine past a burned area 
is largely a mechanical effect due to lymphatic block and coagulation 
of the intracellular matrix. The drug has a tendency, however, to leak 
into even the finest channels. This avidity for passage into the circula- 
tion is strikingly shown in the tetanus toxin experiments. This toxin is 
so rapidly absorbed from the tail tip that unless the tail is amputated 
at the base within 10 or 20 minutes after the injeetion of toxin into the 
tip of the tail, the animal will die of tetanus. 

Although Staph, alb us produces an exotoxin and leucocidin (destrov- 
ing leucocytes), it does not usually have a powerful spreading faeto'r. 
The staphylococcus may be dermoneerotie, hemolytic, or lethal The 
relative production of coagulase or fibrinolysin may determine whether 
a patient will live with a boil or die of staphylococcemia Streptococci 
appear to form a great deal of fibrinolysin, our experiments comparing 
well with the vapid spread of streptococci in living tissues. 
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Table VII 

Bate of Subcutaneous Spread of Bacteria (Spreading Factor) St.uned by 

Various Dyes in Bats 


MIXTURE INJECTED 



TIME 

OP EXAMINATION 

2 IIR. 

4 UR. 

(3 HR. 

12 HR. 

24 IIR. 36 IIR. 48 HR. 

J. Staph, dibits: 

Trypan red— culture 

4 



w.d. 

a.d. 

a.d. — a.d. 

Trypan led — broth 

Trypan blue — culture 

4 

— 

s.d. 

a.d. 

a.d. — a.d. 

4 

— 

2 

a.d. 

a.d. — a.d. 


a.d. 

— 

w.d. 

1 

I — 1 

Trypan blue — broth 

4 

— 

4 

3 

o 2 


s.d. 

— 

s.d. 

s.d. 

s.d. — s.d. 

Pontamine sky blue — culture 

o 

— 

2 

a.d. 

a.d. — a.d. 


a.d. 

— 

w.d. 

I 

1 — 1 

Pontamine sky' blue — broth 

4 

— 

4 

O 

ti 

1 -- 1 


s.d. 

— 

s.d. 

s.d. 

a.d. — a.d. 

Indigo carmine — culture 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. n.d. n.d. 

Indigo carmine — broth 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. n.d. n.d. 

Congo red — culture 

4 

— 

2 * 

i 

1 — 1 


s.d. 

— 

w.d. 

a.d. 

a.d. — a.d. 

Congo red — broth 

4 

— 

4 

2 

2 — 1 


a.d. 

— 

s.d. 

w.d. 

w.d. — a.d. 

India ink — -culture 

4 

— 

4 

•4 

4 — 4 


s.d. 

— 

s.d. 

s.d. 

s.d. — s.d. 

India ink — broth 

4 

— 

4 

4 

4 — 4 


s.d. 

— 

s.d. 

s.d. 

s.d. — s.d. 

Methylene blue — culture (Methylene blue oxidized to leuco base by staphyloeoe- 


eus culture after one-half hour contact) 

Methylene blue — broth 

4 

— 

3 

o 

1 — 0 


w.d. 

— 

w.d. 

w.d. 

a.d. — 0 

B. Staph, aureus: 

Trypan red — culture 

2 

— 

1 

1 

1 - 1 

w.d. 

— 

a.d. 

a.d. 

a.d. — a.d. 

Trypan red — broth 

4 

— 

i 

i 

1 — 1 

s.d. 

— 

w.d. 

a.d. 

a.d. _ a.d. 

Trypan blue — culture 

2 

— 

1 

i 

1 — 1 

w.d. 



w.d. 

a.d. 

a.d. — a.d. 

Try'pan red — broth 

3 

s.d. 

— 

3 

s.d. 

i 

a.d. 

1 — 1 

a.d. — a.d. 

Poutamine sky blue — cultuie 

2 

— 

i 

1 

1 — 0 

w.d. 

— 

w.d. 

a.d. 

a.d. — " 


Pontamine sky blue — broth 

Indigo carmine — culture 
Indigo carmine — broth 
Congo red — culture 

Congo red— broth 

India ink— culture 

India ink — broth 

Methylene blue — culture 

Methylene blue — broth 


4 

s.d. 

n.d. 

n.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 


3 

s.d. 


s.d. 


1 

W.d. 


n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

. — 

1 

X 

t 

— 

J 

— 

a.d. 

a.d. 

a.d. 

— 

a.d. 

4 

1 

1 

1 

— 

— 

s.d. 

w.d. 

a.d. 

a.d. 

— 

— - 

3 

3 

2 

2 

— 

— 

s.d. 

s.d. 

s.d. 

sB. 

. — 

— 

4 

;! 

•> 

o 

— 

— 

s.d. 

s.d. 

s.d. 

s.d. 

— 

— 

3 

2 

1 

0 

— 

— 

s.d. 

s.d. 

w.d. 

— 

— 

— 

4 

3 

1 

0 

— 

— 

s.d. 

s.d. 

w.d. 

— 

— 

— 
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Table VII- 



C. Str. hemolyticus : 

Trypan blue — culture 

Trypan blue — broth 

Pontamine sky blue — culture 

Pontamine sky blue — broth 

Congo red — culture 

Congo red — broth 

India ink — culture 

India ink — broth 

Methylene blue — culture 

Methylene blue — broth 


4 
w.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 


4 

w.d. 

O 

a.d. 

JL 

a.d. 

a.d. 

4 

v) 

1 

1 

s.d. 

w.d. 

s.d. 

a.d. 

2 

2 

1 

1 

s.d. 

w.d. 

a.d. 

a.d. 

2 

2 

1 

1 

s.d. 

s.d. 

a.d. 

a.d. 

o 

o 

2 

1 

w.d. 

w.d. 

w.d. 

a.d. 

4 

2 

2 

1 

s.d. 

wk 

w.d. 

a.d. 

4 

4 

3 

3 

s.d. 

s.d. 

s.d. 

s.d. 

D 

4 

4 

l» 

•4 

s.d. 

s.d. 

s.d. 

s.d. 

4 

4 

4 

o 

s.d. 

w.d. 

w.d. 

W.d. 

4 

4 

1 

1 

s.d. 

s.d. 

s.d. 

s.d. 


1 

a.d. 

0 

a.d. 

1 

a.d. 

0 

sal. 

2 

s.d. 

1 

w.d. 

I 

w.d. 


1 

a.d. 

0 

0 

1 

s.d. 

1 

s.d. 

1 

w.d. 

1 

w.d. 


D. B. coli: 


2 UR. 


(i HR. 


12 hr. 24 jib. 48 hr. 


Trypan red — culture 

Trypan red — broth 

Trypan blue — culture 

Trypan blue — broth 

Pontamine sky blue culture 

Pontamine sky blue — broth 

Indigo carmine — culture 
tndigo carmine — broth 
Congo red — culture 

Congo red— broth 

India ink — culture 

India ink— broth 

Methylene blue— culture 

Me thylene blue — broth 

E. Pneumococcus type I : 


4 

s.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 

n.d. 

n.d. 

i 

s.d. 

4 

s.d. 

a 

s.d. 

4 

s.d. 

trace 


o 

s.d. 

o 

s.d. 

4 

s.d. 

4 

s.d. 

4 

w.d, 

4 

s.d. 

n.d. 

n.d. 

4 

s.d. 

4 

s.d. 

(5 

s.d. 

o 

s.d. 

trace 

trace 


o 

a.d. 

o 

s.d. 

o 

s.d. 

o 

s.d. 

*> 

w.d. 

3 

w.d. 

n.d. 

n.d. 

s.d. 

'.» 

s.d, 

1 

s.d. 

o 

s.d. 

trace 

trace 


2 

a.d. 

2 

w.d. 

1 

s.d. 

1 

s.d. 

1 

s.d. 

0 

n.d. 

n.d. 

2 

s.d. 

1 

s.d. 

1 

s.d. 

1 

S.d, 

trace 

trace 


1 

w.d. 

0 


1 

w.d. 

1 

n.d. 

n.d. 

2 

s.d. 

1 

s.d. 

I 

s.d. 

I 

s.d. 

0 

0 


Trypan red — culture 
Trypan red — broth 
Trypan blue — culture 
Tivpan blue — broth 
Pontamine sky blue culture 


s.d. 

s.d. 

s.d. 

w.d. 

w.d. 

4 

3 

3 

2 

1 

s.d. 

s.d. 

s.d*. 

s.d. 

w.d. 

4 

2 

2 

2 

1 

s.d. 

s.d. 

s.d. 

w.d. 

w.d. 

4 

o 

o 

o 

1 

s.d. 

s.d. 

s.d. 

s.d. 

w.d. 

4 

— 

3 

1 

1 

s.d. 

— 

s.d. 

S.d, 

s.d. 
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Table VII — Cont ’ij 


MIXTURE IXJECTED 


E. Pneumococcus type I: 
Pontamine sky blue— broth 


2 HR. 


TIME OP EXAMINATION" 


l) III!. 


12 HR. 24 1 IR. 


4S HR. 


Indigo carmine — culture 
Indigo carmine — broth 
Congo red — culture 

Congo red — broth 


4 

s.d. 

n.d. 

n.d. 

4 

s.d. 

4 


n.d. 

n.d. 

3 

s.d. 

3 


3 

s.d. 

n.d. 

n.d. 

«» 

O 

w.d. 


trace 

n.d. 

n.d. 

2 

w.d. 


trace 

n.d. 

n.d. 

1 

w.d. 

1 


India ink — culture 

India ink — broth 

Methylene blue — culture 

Methylene blue — broth 

s.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 

4 

s.d. 

s.d. 

4 

s.d. 

4 

s.d. 

1 

w.d. 

3 

s.d. 

s.d. 

3 

s.d. 

O 

O 

s.d. 

trace 

3 

s.d. 

s.d. 

0 

trace 

w.d. 

3 

s.d. 

3 

s.d. 

0 

0 

jp. pyocyaneus: 

Trypan red — culture 

4 

4 

1 

0 

0 


s.d. 

s.d. 

a.d. 

a.d. 

a.d. 

Trypan red — broth 

4 

4 

1 

1 

0 


s.d. 

s.d. 

w.d. 

w.d. 

a.d. 

Trypan blue — culture 

4 

4 

1 

1 

0 


s.d. 

s.d. 

w.d. 

w.d. 

a.d. 

Trypan blue — broth 

4 

4 

1 

r 

0 

Pontamine sky blue — culture 

s.d. 

s.d. 

w.d. 

w.d. 

a.d. 

4 

4 

1 

1 

1 


s.d. 

s.d. 

a.d. 

w.d. 

a.d. 

Pontamine sky blue — broth 

4 

4 

1 

1 

0 


s.d. 

s.d. 

w.d. 

w.d. 

— 

Indigo carmine — culture 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

Indigo carmine — broth 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

Congo red — culture 

4 

4 

3 

1 

1 


s.d. 

s.d. 

s.d. 

w.d. 

w.d. 

Congo red — broth 

4 

4 

3 

1 

I 


s.d. 

s.d.' 

s.d % . 

w.d. 

w.d. 

India ink — culture 

4 

4 

3 

o 

o 


s.d. 

s.d. 

w.d. 

w!d. 

w.d. 

India ink — broth 

4 

4 

3 

J 

0 


s.d. 

s.d. 

s.d. 

s.d. 

s.d. 

Methylene blue — culture 

2 

s.d. 

0 

0 

0 

0 

Methylene blue — broth 

2 

s.d. 

trace 

0 

0 

0 

a. B. prodigiosus : 

Trypan red — culture 

4 

s.d. 

3 

w.d. 

3 

s.d. 

2 

s.d. 

o 

s.d. 

Trypan red — broth 

4 

s.d. 

3 

w.d. 

3 

w.d. 

o 

s.d. 

2 

s.d. 

Trypan blue — culture 

4 

s.d. 

n 

u 

s.d. 

3 

s.d. 

o 

a.d. 

2 

a.d. 

Trypan blue — broth 

4 

s.d. 

3 

s.d. 

3 

w.d. 

trace 

trace 

Pontamine sky blue— culture 

4 

s.d. 

4 

s.d. 

trace 

trace 

0 

Pontamine sky blue— broth 

4 

s.d. 

4 

s.d. 

3 

w.d. 

trace 

trace 

Indigo carmine-culture 

Tnrlip'o carmine-broth 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 
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Table VII — Cont’d 


MIXTURE INJECTED 


TIME 

OF EXAMINATION 



2 HR. 

6 HR. 

12 HR. 

24 HR. 

48 HR. 

G. B. prodigiosus: 

Congo red — culture 

•1 

4 

3 

trace 

trace 


s.d. 

s.d. 

w.d. 

— 

— 

Congo red — broth 

4 

4 

3 

trace 

trace 


s.d. 

s.d. 

w.d. 

— 

— 

India ink — culture 

4 

4 

trace 

trace 

trace 


w.d. 

w.d. 

— 

— 

— 

India ink — broth 

4 

4 

3 

3 

3 


s.d. 

s.d. 

s.d. 

s.d. 

s.d. 

Methylene blue — culture 

*> 

•J 

trace 

trace 

trace 

0 


s.d. 

— 

— 

— 

— 

Methylene blue — broth 

4 

4 

0 

0 

0 


s.d. 

s.d. 

— 

— 

— 

H. Cl. welchii: 

Trypan red — culture 

2 

i 

I 

1 

0 


a.d. 

a.d. 

a.d. 

a.d. 

— 

Trypan red — broth 

4 

4 

3 

2 

0 


s.d. 

s.d. 

w.d. 

w.d. 

— 

Trypan blue — culture 

o 

2 

i 

0 

0 


a.d. 

a.d. 

a.d. 

— 

— . 

Trypan blue — broth 

4 

4 

3 

3 

o 


a.d. 

•w.d. 

w.d. 

w.d. 

w.d. 

Pontamine sky blue — culture 

2 

2 

trace 

0 

0 


a.d. 

w.d. 

— 





Pontaiuine sky blue — broth 

4 

4 

3 

o 

0 


s.d. 

s.d. 

s.d. * 

w.d. 


Indigo carmine — culture 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

Indigo carmine — brotli 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

Congo red — culture 

i 

i 

i 

i 

0 


a.d. 

a.d. 

a.d. 

a.d. 


Congo red — broth 

4 

4 

3 

2 

trace 


s.d. 

s.d. 

s.d. 

w.d. 


India ink — culture 

4 

4 

3 

3 

O 


s.d. 

s.d. 

s.d. 

s.d. 


India ink — broth 

4 

4 

4 

3 

3 


s.d. 

s.d. 

s.d. 

s.d. 


Methylene blue — culture 

0 

trace 

0 

trace 


Methylene blue — broth 

trace 

trace 

trace 

trace 

trace 

1 = slight coloration. 


-I = heavy coloration, 
s.d. = slight diffusion of dye. 

w.d. = well diffused; dye diffused nearly all over abdominal subcutaneous 
a.d. = all diffused ; dye diffused over subcutaneous tissue of entire bodv 
n.d. ~ no trace of dye visible at two hours. uoai * 


CONCLUSIONS 


1. Tetanus toxin lias a spreading factor so powerful that sufficient 
quantity for lethal issue may diffuse into the general circulation in 
10 to 20 minutes after subcutaneous injection. 


2. In the rabbit, S. viridans, S. aureus, pneumococcus type I and 
B. coli spread rapidly, while B. prodigiosus and B. pyocijaneus and’ some 
strains of S. aureus spread slowly in the subcutaneous tissues. 

3. Congo red, trypan red, indigo carmine, and trypan blue diffuse 
best m the order named in tlie rabbit. In rats, the order is maintained- 

ffiffusffile P ° ntamine ^ bhlG 1S m ° St tliftusible and India ink least 
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SURGERY 


Tabus VIII 


Effect op Bacterial Filtrates on Babbit Plasma Clots and Citrated Plasma 


NO. MIXTURE 

RESULT 

A 

. Staphylococcus filtrate; 


a 

b 

Optimum reenlcification time 

3 min. 45 sec. 

3 c.c. reealcified plasma 

Remained clotted 2 days 

e 

3 e.c. reealcified plasma plus 0.5 c.e. 
saline solution 

Remained clotted 2 days except for 
scrum exudation 

a 

3 e.c. reealcified plasma plus 0.5 e.c. 
staphylococcus suspension 

Partial dissolution of clot in 4S hr. 

0 

Optimum recaicification time 

3 min. 55 sec. 

f 

3 e.c. reealcified plasma 

Remained clotted 2 days 


3 c.e. reealcified plasma plus 0.5 e.c. 
saline solution 

Remained clotted 

n 

3 c.e. reealcified plasma plus 0.5 c.e. 
staphylococcus filtrate 

Remained clotted 

i 

Optimum recalcification time 

3 ruin. 45 see. 

j 

3 c.c. reealcified plasma 

Remained clotted 2 days 

Ic 

3 c.c. citrated plasma 

Remained unclotted 2 days 

1 

3 c.c. citrated plasma plus 0.5 c.c. 
staphylococcus filtrate 

Firm clot in 7 hr. 

m 

3 c.c. citrated plasma plus 0.5 c.e. 
saline solution 

Remained unclotted 2 days 

B. Streptococcus filtrate : 


a 

Optimum recaicification time 

4 min. 10 sec. 

b 

3 c.c. reealcified plasma 

Remained clotted 2 days 

c 

3 c.c. reealcified plasma plus 0.5 c.c. 
saline solution 

Remained clotted 

d 

3 c.c. reealcified plasma plus 0.5 c.e. 
streptococcus suspension 

Dissolving of clot in 14 to 15 hr. 

e 

Optimum recaicification time 

3 c.c. reealcified plasma 

5 min. 33 sec. 

r 

Remained dotted 2 days 

s 

3 c.c. reealcified plasma plus 0.5 c.c. 
saline solution 

Remained clotted 2 days 

h 

3 c.c. reealcified plasma plus 0.5 e.c. 
streptococcus filtrate 

Dissolved clot in 7 to 8 hr. 

i 

Optimum recaicification time 

4 min. 10 sec. 

j 

3 e.c. reealcified plasma 

Remained clotted 2 days 

Ic 

3 c.c. citrated plasma 

Remained unclotted 2 days 

1 

3 c.c. citrated plasma plus 0.5 c.e. 
saline solution 

Remained unclotted 2 days 

m 

3 e.c. citrated plasma plus 0.5 c.e, 
streptococcus filtrate 

Partial clot in 10 to 12 hours with com- 
plete dissolution of clot so formed in 

48 Ur. 


4. In the rat, determined by the dye method, S. aureus , S. alb us, 
S hmnolyticus, B. pyocyaneus, B. prodigiosus , and pneumococcus type I 
have mild spreading factors, the most powerful being Cl. welchii. 

5 The staphylococcus and streptococcus both produce a fibrinoiysin 
and a coaguhse, as tested on plasma dots and citrated plasma. 
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AN ANALYSIS OF THE REACTION OF THE I HUMAN BALL 
BLADDER AND SPHINCTER OF ODDI TO 
MAGNESIUM SULFATE 

Edw1 k„ A. Bomb., Ph.D. (M®. So.), Okoroe S. Bergh, ALD-, Ph.D., 
us-D Jobs A. L.«se, M.D., Ph.D., ItewW 

(From the Departments of Anatomy, Surgery, an* Medtctne, 

University of Minnesota) 

O0ME time ago, the senior author in collaboration with 0. L. BirelP 

S demonstrated that several hydragogue eathart.cs 

<so and M>Cl a ) caused marked reduction in the Yoiume ot tne 
Na„SO„ w<LU*S>j) calculated from cholecystograms, and that this 
human gall bladde ^ the appear ance of “B” bile in 

loss in volume eou duodenum. At that time no method had 

the aspirated 5^.1 accuracy the decrease in 

been emp oye , , sphincter. Recently, however, Bergh and 

O"“av 0 e obtained manometer readings of the reaction of the 
l \ tn ArcvSO by utilizing the now common postoperative pro- 
iTe of drahS duets of eholedoehostomized patients with T tubes. 
These detailed measurements make possible, for the first time a more 
discriminating analysis of the relative reaction of the gall bladdei and 
... . anh<stances introduced into the duodenum. Accordingly , 

Z restudy the effect of AIgSO npon the gall 
bladder in a sufficiently large number of individuals to make compausons 

with the sphincter studies significant. 

With this object in view eighteen medical students, responding to u 
call for volunteers, were subjected to the usual routine of oral cliole- 
toerraphv In fourteen individuals the preliminary films showed 
sufficiently strong gall bladder shadows to be traced. After a Rehfuas 
tube had been passed, a roentgenogram was made, and then 30 e.c. of a 
saturated solution of MgSO* were injected into the duodenum (ten 
students) or into the stomach (four students, subjects in whom the 
tube could not be passed beyond the pylorus in the time available). 
Thereupon roentgenograms were made at 2, 4, 8, 12, 16, 20, 25, 30, 35, 
40 and 45 minutes after the injections. Subsequently, the gall bladder 
shadows were traced, the changing volumes computed in accordance 
with the method previously described, 3 and the individual curves of 
evacuation plotted (Fig. 1). Finally, the percentage loss in volume was 
calculated (Table I) and the mean values plotted (see heavy solid line, 
pV 2) and compared with the mean curves obtained in earlier studies 
of 'the reaction of the gall bladder to egg yolk (see heavy dash line, one 
egg yolk by duodenal tube; light dash line, five yolks by mouth). 

•Aided by a grant from the Jledical Research Funds of the Graduate School. 
Received for publication. Dee. 2, 1W2. 
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OBSERVATIONS 


A comparison of these mean curves oL' evacuation of the gall bladder, 
as plotted in Fig. 2, leaves no doubt but that i\lgSO, induces emptying of 
the gall bladder. However, it is much less effective than egg yolk, since 
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after injection of Mq S0 4 
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f till! KUH 


curves showing the late of emptying of tlw gall 
. 30 c.c. of a saturated solution of MgSOi Inlru- 
’ n Oi ilinatfH. lolumc of gall bladder as calculated 
"thi oil see Hoyden).’ Abscissas, minutes after Injection 
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it cuiuws disduirKc »C only 42 per rent whereas eg? yolk induces evacua- 
tion of 71 per cent of the contents of the biliary vesicle in the first 
GO minutes after the fluid reaches the duodenum (Fig. 2 and Table I). 

A similar statement regarding the action of MgSO, upon the sphincter 
may he made by comparing the data of Bcrgh and Layne'-’ with that of 
Burgh. 1 In these manometer studies of choleeysteetoniizcd patients 
with 1 tubes in the common duet it was observed that when MgSO, was 
injected into the duodenum (Table Il/J) the mean fall in resistance was 
only .1.1 cm. of water, whereas in fifteen patients receiving two egg yolks 
mixed with cream the fall averaged 7 cm. (Table II C). 


Vot. 

% 



wig o, — ire an curves comparing rate of emptying of the gall bladder in ten stu- 
dents receiving MgSOt intraduodenally with rate in students of comparable age re- 
ceiving egg yolk orally (ef. Boyden and Grantham)" and intraduodenally (of. Bojden 
and Bennari) 3 Ordinates, volume of gall bladder; abscissas, minutes after salts 01 
egg yolk. 

Secondly, these data indicate that although the effectiveness of MgSO, 
is much less than that of egg yolk, it merely differs in degree, i.e. that 
it acts both upon the gall bladder and upon the sphincter for the same 
time and in the same way as egg yolk but with less force. Thus, under 
the stimulus of MgSO,, emptying of the gall bladder first ceased 33.1 
1 • after the drug had been administered (average for 9 students, 
nunu es w ith'e°'g yolk, over 32 minutes afterward (average for 

^ Table IILB) 1 ’ 3 ; with oral administration it took 32.5 

8 St " d “te to 12 ** **** ** *»* Similar* tta 

minutes fave ® ter res i stanee in the patients of Bergh and Layne 

maximum ml 1 ^ 21.4 and 21.7 minutes after MgSO, had been 
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Table II 

Effect of MbSO* Upon Sphincter of Oddi'’ 




maximum fall 

OBI G. LEVEL 

FIRST 

FALlr 

(below original level) 

RECOVERED 

PATIENT RESPONSE 

BEGINS 

IN 

MIN. AFTER. 

(MIN. AFTER 

(MIN.) 

(min.) 

] 

CAR 1 

DRUG 

drug) 

.4. Changes in resistance following oral administration of drug 

1 0-iin 

6 

3 

47 

o4 


4 

5 

6 
7 
S 
9 

10 

11 

12 


0-up 

0-up 

2- dowu 

3 - up 
0-up 
0-up 

12-down 

6-down 

0-down 

4- down 
4-down 


4 

13 

2 

0 

0 

3 

12 

0 

6 

4 
4 


S 26 60 

Remains above original level 


6 

3 

3 

3 

3 

6 

5 

1 

5 


12 

2S 

17 

5 

22 

24 

18 

6 

30 


31 
41 
35 
60 
26 

32 
60 * 

7 

49 


Mean 


12)43 


3.6 


12)72 

6 


11)46 


4.2 


11)235 

21.4 


11)455 

41.4 


B. Changes in resistance following injection into duodenum 

5 9 


11 

o 

3 

4 

5 

6 
7 
S 
9 

10 

11 


1-up 

0-up 

0-up 

0-up 

0-up 

4-up 

0-up 

0-up 

0-up 

0-up 

0-up 


5 

4 

5 
2 

6 
S 

10 

4 

2 

3 
2 

4 


2 

1 

6 

4 


Returns to original level 
33 
37 

14 
10 

15 
26 

Returns to original level 
Remains at high level 
12 
36 


52 

53 
60+ 
24 
12 
34 
45 


24 

48 


Mean 

12)5 12)55 

9)23 

9)195 

9)352 


0.4 4.6 

3.1 

21.7 

39.1 


C. 14 patients given £ 

egg yolks and cream by moutht 


Mean 

4 

7 

21 

33 


studies 


lies* 

[These are not the same patients that are listed in A. 
tBerarb.* 


administered (average for 11 and S> patients, Table lid. and B) and 
with egg yolk, 21 minutes afterward (average for 14 patients, Table 
IIC). Indeed, even the period of return to the original level of resist- 
ance was approximately the same — 41.4 and 39.1 minutes for MgSOj 
(Table lid and B) and 38 minutes for egg yolk (Table IIC). 

These parallel studies also permit a third major conclusion : namely, 
that while egg yolk and MgSO* act for the same period and in the same 
way upon the gall bladder or upon the sphincter, and differ only in the 
degree of their effect, the end organs react differently to either stimulus. 
Thus, while emptying of the gall bladder continues until an average 
period of 31 to 33 minutes has elapsed after DlgSO* or egg-yolk lias been 
administered, lowering of the sphincter resistance ceases after an average 
of 21 to 22 minutes; the figures for the actual duration of fall in volume 
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It.!?. 

U-up 
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Jm Kf. 
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•> 
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IS. Change# in volume following injection of 1 egn yolk into duodenum 



in 9 male sludcntsl 



tV. I'\ 

0-down 
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0 

35+ 

35+ 

M. K. (1) 

0-down for 2’ 
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4 

33+ 

29+ 
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25 
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0-down 

0 

0 

40+ 

40+ 

A. It. 
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0-down 
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32 

32 

A.D. W. (1) 

0-down 
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0 

27 

27 

A. D. \V. (2) 

0-dowu for 4' 
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38+ 
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0 

9)2 

9)19 

9)290 
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Mean 



2.i 

32.2+ 

30.1+ 


and of duration of resistance are approximately 30 and 17 (cf. column 6, 


Table 1IIA and B, and the figure obtained by subtracting column 3 from 
5 in Table IIS and G). Similarly, the initial response of the end organs 
to either agent is different. Thus, while the gall bladder in the majority 
of patients first reacts to one or the other stimulant by contraction (19 
out of 24 individuals ingesting egg yolk, Table IIIC and D; 8 out of 9 
takin" egg yolk by tube, Table 1115/ and 6 out of 10 individuals injected 
with M«S0 4 , Table IIL4), the sphincters first react in more than one- 
half of the patients by increased resistance (7 out of 14 patients ingest- 
ing r;< f g yolk, BergV 6 out of 12 taking MgSO* by mouth, Table IU; 
and lTout of 12 taking it by duodenal tube, Table IIS). 

. ,, r nia y be noted that duodenal administration of MgSO, is 

' Uia Effective in its action upon the sphincter than oral administra- 
no more resistance begins sooner with the duodenal injection 

ll0n ' . lC , T .n.i p TI B) than after ingestion of the drug (6 minutes, 
(X.6 mmii es, , * ^ ^ but the total fall is slightly less (3.1 as 

Table XU) c0] pp ar ; so n is available for egg yolk, 

against 4. e • ' bladder reaction, only four individuals have 

In respect to^ ]\j>S0 4 . Two of them averaged a discharge of 
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it AIN 


(BELOW 


HnST FALL 

FALL 

ORIGINAL LEVEL) 

PATIENT 

RESPONSE BEOINS 

BEGINS 

MIN. 

DURATION 


( MIN -) (MIN.) 

(MIN.) 

AFTER IN- 

OF MAIN 



JECTION f 

FALL 

C. Changes in 

volume following oral administration of egg yolk to 1 

2 male students J 

L. J. B. 

0-down 0 

0 

20 

20 

K. L. 

0-down for 2' 0 

4 

25 

21 

I.D. 

0-up 2 

2 

35 

33 

P. K. H. 

0-down for 2' 0 

4 

20 

10 

N. A. C. 

0-down for 2' 0 

8 

35 

27 

L. 0. 11. 

0-down for 2' 0 

4 

4o+ 

41+ 

J.S. L. 

0-up I 

4 

40+ 

36+ 

W. A. 6. 

0-down for 4' 0 

12 

45 

33 

B. C. C. 

0-up S 

S 

35 

27 

B. L. IV. 

0-down 0 

0 

20 

20 

R. J. B. 

0-up 2 

2 

30 

2S 

N. B. B. 

0-down for 2' 0 

4 

40 

36 


0 12)16 

12)52 

12)390 

12)338 

Mean 

1.3 

4.3 

32.5 

2S.2 


D. Changes in volume following oral administration of egg yolk to 12 female students $ 


is. s. 

0-down 

0 

0 

20 


P. E. D. 

0 down for 4' 

0 

8 

45+ 

37+ 

E. E. 

0-down for 4' 

0 

S 

30 

22 

C. L. B. 

0-down for 2' 

0 

4 

30 

26 

H. H. IC 

0-down for 2' 

0 

4 

25 

21 

K. L. L. 

0-down for 2' 

0 

4 

45+ 

41+ 

L. E. P. 

0-dowu for 2' 

0 

4 

25 

21 

A. H. H. 

0-down 

0 

0 

25 

25 

H. H. S. 

0-up 

8 

s 

45+ 

37+ 

S. 11. 0. 

0-down 

0 

0 

35 

35 

J. 11. L. 

0-down for 2' 

0 

4 

30 

26 

C. H. S. 

0-down 

0 

0 

16 

16 



12)8 

12)44 

12)371 

12)327 

Mean 


0.7 

3.7 

31 

27.25 

♦Sometime 

between 0 and 

2 minutes 

Pc. (Earlier 

studies, Boyden, 3 

suggest the 

latent period 

is about 1 minute.) 





fAt this time filling begins. 

{From data of Boyden and Birch, 1 (Tabie I) as summarized by Boyden and Ber- 
man, 1 (Table III). 

{After data in Boyden and Grantham. 0 Fig. 2. 


45 per cent in 40 minutes but the other two showed little, if any, response 
to the drug. In the absence of a sufficient number of cases it can be 
stated merely that MgSO, when administered orally may induce as 
marked emptying of the gall bladder as when given by duodenal tube. 
The studies on egg yolk are conclusive. When this food is given by 
duodenal tube it causes not only a more pronounced emptying (71 as 
against 55.7 per cent in the first 30 minutes, Table I; Pig. 2), but the 
initial response is (juickei the main phase of emptying beginning at 
an average of 2.1 minutes after duodenal administration (Table IIIB) 
as compared with 4.3 minutes after oral administration (Table IIIC') 7 
Incidentally Table IIIC and D emphasizes the nature of the sex 
differences previously reported. 3 - 7 The data show that the time in- 
tervals are comparable, the main fall in volume for male students begin- 
ning at 4.3 minutes pc. and having a duration of 28.2 minutes, the cor- 
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responding figures for female students being, respectively, 3.7 minutes 
pc. and 27.2i) minutes. Since, however, males of this age discharge ap- 
pioximately two-thirds of the contents of the gall bladder in the first 
-10 minutes after a meal ot egg yolk and females nearly three-fourths 
(ef. fable III, Hoyden and Fuller), 7 it would seem either that the gall 
bladder contracts with greater force in the female or that the drop in 
sphincter resistance, in this sex, is greater. It would be desirable, there- 
fore, to ascertain whether or not there are sex differences in the reaction 
of the sphincter to egg yolk. 


DISCUSSION' 


The striking fact that MgSO, acts for the same length of time as egg 
yolk and merely differs in the degree to which it affects the gall bladder 
or the sphincter strongly suggests that its mechanism is not local, as 
hitherto supposed, but hormonal and that it is absorbed by the intestinal 
epithelium and causes the formation of a cholecystokinin-like substance 
which stimulates the gall bladder to contract and the sphincter to relax. 
The fact that it does not cause as deep contraction or as great relaxation 
as egg yolk may be explained on the basis that magnesium is not ab- 
sorbed as readily, or that it is not chemically so effective.* In order 
to prove a hormonal mechanism it would be necessary to find an animal 
in which the biliary tract responds to magnesium sulfate! and to resort 
to such cross-circulation experiments as Ivy and Oldberg employed. 10 
Nevertheless, it is believed that the circumstantial evidence presented 
above strongly favors the existence of such a mechanism. 

The second striking fact — the differing reaction of the gall bladder 
and sphincter to a given stimulus (MgSO, or egg yolk) — suggests the 
intrusion of a second factor. What is it that modifies the response of 
the sphincter, but not that of the gall bladder, to wliat is presumably 
an intestinal hormone? Reasoning from the data provided by animal 


and human experimentation, it may be assumed that the sphincter is 
under tonic contraction, except after meals, and therefore any force that 
releases it must overcome greater resistance than it would in the case 


of the gall bladder. Accordingly, if a given stimulus (e.g., a hormone in 
the blood) were applied at the same time to both the gall bladder and 
sphincter, its effect upon the sphincter might be expected to be delayed 
and in the end, more quickly dissipated. In support of this it may be 
stated that sectioning of nerves to the biliary tract in cats leaves one 
‘tl the inference that the sphincter is kept contracted by its own in- 
* ie nerve n et rather than by extrinsic nerves, for when all nerves 
f”, choledochoduodenal junction are severed the only effect is a 
t0 ked retardation in the evacuation of the biliary tract after ingestion 

— _„hfpider » 20-30 Cm. MgSOi. 7 H:0 by mouth does not signlfl- 

. According t0 JSjf Magnesium, and about 40 per cent is excreted in the urine in 
cantly raise the bioo 

»i hours. . xronheles 3 have shown that magnesium and sodium sulfate 

" Kozoll and Nect sphincter of dogs and no effect on the gall bladder of 

. variable effects , U P°" Si, and Birch 1 were unable to induce contraction of the 
ffspedes , Similarly f n ^ n a " f MgSO. into the duodenum, 
gall bladder in cats w 
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of egg yolk; i.e. the only extrinsic motor nerves that are eliminated by 
the experiment are the inhibitors of sphincter contraction (Johnson 
and Boyden 11 ). 



Fig. 3. 

MgSO<. T 
10 gall bl 
Fig. 1) ii 

increase - 


of events after duodenal administration of 
average decrease of 43 per cent in volume of 
ted line, 3 cases (R. B. t D. H., and J. Fe 
t reacted by relaxing, thereby appearing to 
ine, 3 cases (H. A. S., L. F., and E. M. L. 1 

iTlfr nnlv cnlirl lino 9 /rr rf » 


in which the gall bladder reacted by contracting only; solid line. 3 cases (H K T 
L., and T. W.) in which it first contracted (for 2 minutes), then relaxed (for* an 
average of 3 minutes), then entered its main phase of contraction. Lower solid line 
curve recording mean changes in resistance of sphincter in 12 patients (cf Tahlo 
UB). In all 12. the sphincter reacted first by increasing its resistance (from an aver- 
age manometer reading or 14. to lo.o cm. of water), then its resistance fell aradmllv 

e-nll hlilildpp Onirvti'xic* 


to 11 
Of 30 


cm., then rose to 14. Note that the gall bladder empties for an average period 
minutes, while the sphincter relaxes for an average period of only XT minutes. 


Accepting these two hypotheses as stai’ting points one may recon- 
struct the usual sequence of events as follows (Fig. 3). Within a minute 
or so after an effective substance enters the duodenum the gall bladder 
begins to contract under the stimulus of the circulating hormone. The 
sphincter, however, first reacts by increasing its resistance to the passage 
of bile, more so in the presence of MgSO* than egg yolk. Quite likely 
this is the effect of local irritation upon a muscle already under sus- 
tained tonus. This rising resistance is maintained, on the average for 
about 41/2 minutes (Table UB). If the period is shorter probably the 
gall bladder continues to empty (dash line, Fig. 3) ; if longer or more 
intense, the gall bladder probably relaxes (solid line, Fig. 3), usuallv for 
2 or 3 minutes, the so-called ‘‘two-minute pause.” 3 It is su—ested that 
this sudden relaxation is the reaction of a local nerve net°in the -all 
bladder wall to a suddenly increased load and that it is comparable 
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to what happens when bile hacks up into the -all bladder during fasting; 
namely, the gall bladder adjusts itself to the increased pressure in the 
biliary tract. 0 Soon, however, the accumulating hormone prevails over 
the sphincter and (lie latter’s resistance decreases for an average period 
of about 17 minutes (Fig. 3) until the level of the hormone drops below 
the threshold of the sphincter’s nerve net; then resistance slowly in- 
e reuses for another 17 minutes until the original level of resistance is 
regained. Meanwhile, under the .stimulus of the accumulating hormone, 
the gall bladder has resumed contraction and keeps it up for an average 


of 30 minutes until the sphincter resistance approaches its fasting level. 
This ends (he first phase of emptying. A new spurt of food sets the 
mechanism going again. 

It will he noted that the above account eliminates the necessity for 
reciprocal innervation of the gall bladder and sphincter. In support of 
this view, Bergh and Lavne have shown that the human sphincter goes 
through its cycle even when the gall bladder has been removed. 2 ’ 4 
Secondly, Boyden and Bigler 12 have shown that the emptying of the 
human' gall bladder is not inhibited by severe faradic excitation of the 
stomach and duodenum. Thirdly, Johnson and Boyden 11 have shown 
that even in eats — animals in which it has been proved that the vagi 
accelerate evacuation of the biliary tract by increasing the tone of the 
gall bladder and by diminishing that of the sphincter — even in such 
animals egg yolk still causes emptying of the gall bladder after section 
of both vagi. Finally, Bergh 14 has shown that the human sphincter 
does not respond significantly to cholinergic or adrenergic drugs. 

The existing evidence, therefore, favors the view that in man the gall 
bladder and the sphincter react independently to a given hormone in the 
blood stream, the one by contracting, the other by relaxing; and that the 
tone of the sphincter is maintained by its local nerve net. Perhaps this 
explains why it lias not been possible as yet to relieve spasms of the 
sphincter unless antispasmodic drugs are employed — substances like 
amvl nitrite and nitroglycerin which act directly on smooth muscle — or 
such hormone-producing substances as MgSO, and egg yolk. 


SUMMARY 


1 Magnesium sulfate is an effective agent in evacuating the human 
biliary tract, but is inferior in this respect to egg yolk. Thirty cubic 
centimeters of a saturated solution introduced directly into the du- 
1 num induces, within 30 minutes, an average decrease of 42 per cent 
° ^he volume of the gall bladder and lowers the sphincter resistance 
111 f water (manometer reading). In the same interval egg yolk 

^ 0111 +i on 11 bladder volume 71 per cent and the sphincter resistance 
Iowgi's tne * 


7 cm. 


nnr cuiisiuv.«. — reflex inhibition of the gall bladder 

reason wnj and duodenum to the gall bladder cannot be deni- 

!5. n “«fuSes from the slom a s In animals (Birch and Boyden).” 


whv it is not considered to be 


^rteair-nfBoyden 
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2 Magnesium sulfate acts upon gall bladder and U P 0 ^ sph “ C ^ “ 
th : s " way and for the same length of time as egg yolk. It difte s 
only in degree, a characteristic which may be ^n^ed to stowei a 

option rate « I- is .0 be —d 1 \ 

o-ested that magnesium sulfate, like e no , , ,, 

Lrno “rotaing substance which acts independently tough the 
blood stream, upon both the gall bladder and the sphmcter of Odd . 

3 The two end organs, however, react differently to a g.ven sBmnlus. 
3 I be two » u magnesium sulfate usually causes 

^ turn, may interrupt the —on 
of the "all bladder which is just getting under way, theieby pioducm 0 
L Lid “t^-min„te pause." By the end of the first 4 or 5 -■ 
rt , however, the sphineter enters a period of progress, ve relasat.o 
wind, lasts for an average period of 11 minutes. Meanwhile, the gall 
bladder be-dns its main phase of contraction which lasts for an a%eiage 
peiS of 30 minutes. Evidence from animal experimenta ion suggests 
that the reason whv the hormone acts upon the sphincter for a shorter 
time than upon tlm gall bladder is that during fasting the tone of the 
sphincter is maintained by a local nerve net which has a higher threshold 

than that of the gall bladder. 
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PERFORATIONS OF TIIJv GALL BLADDER OCCURRING IN A 
UKNKliAI; SUROtOAL PRACTICE IN A MODERATE-SIZED 

COMMUNITY 

y.vMUKi, ]j. St out, M.D.* Camp Chowder, Mo., axd 
Ja m k.s a Hiiihaho, M.D., M.Sc. (Svm.),f Wicnm, Kan. 

\TIRMKIKR* in im article on the subject of perforations of the gall 
’ bladder separated the varieties of perforation as follows; (1) Per- 
foration with communication with another riseus ; (2) perforation with 
formation of a perieholeeystie abscess, and (3) acute free perforation. 
Of the latter ho cites one ease with recovery. To these should be added 
external rupture of the gall bladder because of a ease reported by Doran 3 
in which an empyema of the gall bladder ruptured externally and 
established a fistula through which stones passed. X-ray visualization 
demonstrated an external biliary fistula. 

Of the first type in Niemeier’s classification, Jaffe 3 reported a ease 
witli rupture into the duodenum, followed by obstruction of the intes- 
tine by a large gall stone. In another case 5 two communications were 
present, one into the transverse colon and the other into the duodenum. 
In another ease 1 the perforation was found to be into the liver. In two 
of our cases there were perforations into the liver and since there 
appeared to he considerable difference clinically between these cases and 
those which pci'iomte into another organ, they should probably be 
classified separately. Therefore, to recapitulate, perforations of the 
sad bladder should be classified under five general types: 

(1) Perforation with communication with another viscus; (2) per- 
foration with formation of a perieholeeystie abscess; (3) acute free per- 
foration; (4) perforation into the liver,- (5) external perforation. 

The etiology of gall bladder perforations is essentially that of chole- 
cystitis and cholelithiasis, plus some other factor, or factors, which are 
not established. There was no correlation in our cases between any 
predisposing or bodily factors and perforation, unless it was tbe age of 
the patient. 0 "With one exception, all were over 56 years of age. The 
incidence in our practice seems relatively high, namely, six eases in 
g Three other surgeons in this community have seen, respec- 
• V >V two one, and two eases in many more years. One of them also 
twe y, > ’ £ ora £} on caused by an ice pick which had been thrown 

saw a eas j nC xrfenee in the New York Hospital as stated by 

at the pa f ol . a tions out of 3,8S0 operations on the gall bladder, 

Hotz was lio P eiiU 

, , r „ llica [ Corps. U. S. Army. 

•First Lieutei ’ a " 'ical Corps, XS. S. Navy. 
tU- sept. 1. U>«- 

Bcceive* to' V UD 734 
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or 3 per cent. At the Mayo Clinic, Judd and Phillips 3 reported sixty- 
one eases in ten years. Eliason and McLaughlin 6 stated that the general 
incidence was found to be approximately from 1 to 3 per cent of all 
cases of biliary diseases. 

Many facts are known regarding the pathogenesis of gall bladder 
disease, since it is fairly common and has been recognized for many 
yeai's. It is doubtful that perforation of a normal gall bladder ever 
occurs, except from outside trauma. And, of the diseased gall bladders, 
many are found sterile upon culture, so it is probable that infection is 
secondary. Graham and Peterman 7 seem to have established the origin 
of the infection factor as lymphatic extension from neighboring viscera. 
The original damage is probably brought about by a combination of 
several factors, which can be summarized in the following paragraphs. 

Cole, Novak, and Hughes 8 demonstrated in dogs that chronic partial 
obstruction of the gall bladder would cause inflammatory changes, but 
not necessarily bacterial inflammation. They produced surgically a flap 
of mucosa at the junction of the cystic duet with the gall bladder, the 
result of which was a '• strawberry gall bladder” after varying lengths 
of time. Womack and Bricker 9 reported a method of experimental pro- 
duction of acute cholecystitis. They withdrew normal bile from normal 
dogs’ gall bladders, concentrated it 50 per cent by evaporation, and rein- 
jected it into the gall bladder after first tying off the cystic duet. Vary- 
ing degrees of acute inflammation were found at autopsy. Cultures 
from some of the more acutely inflamed organs were often found to be 
sterile. Controls, using normal saline solution to reinject into the gall 
bladder, were in every ease negative, since the gall bladders remained 
unaffected. Therefore, in their experimental animals, acute cholecystitis 
resulted from an occlusion of the cystic duct with concentration of the 
occluded bile. Hellwig, 1 ® however, feels that it is very possible that 
during the manipulations inherent in the experiment, reflux of pan- 
creatic juice may have occurred. The admixture of trypsin with bile 
thus resulting may have been responsible for the changes that occurred 
somewhat in the manner of the production of acute pancreatitis. 

Glenn and Moore 11 recently reported twenty-five eases of perforation 
of the gall bladder. In their eases rupture into the liver was most com- 
mon. They found in every ease evidence of formation of Rokitansky- 
Aschoff sinuses and ascribed rupture to the formation of these sinuses 
These structures are small outpouchings of the gall bladder mucosa into 
the muscularis, caused by increased intracystic pressure and weakeniim 
of the wall by inflammation. Jaffe 3 definitely ascribed rupture in one 
case to decubitus ulceration by a stone causing pressure necrosis in the 
neck of the gall bladder. 


In the six cases here presented the constant svmptom was pain in 
the gall bladder region, usually very severe, but not diagnostic of per- 
fovation. There was usually nausea and vomiting, and sometimes jaun- 
dice. The onset was usually acute, but not necessarily cataclysmic. 



uu 


SiUItULIlY 


!)ut no rigidity. The mine was ncg.it no, W.Ji.C was 3 5,000, and Hb 87 per cent 
X-ut) reported noiuisuali/ution ot the gall hi idder. Por six days she was treated 
consul x.itivcly and on August 1, nas operated upon. At operation there was found 
empyema of the gall bladder, with many small stones, rupture into the bier with 
formation of an abaci"-') c.ixity containing stones, and many adhesions Fundusec 
tomy wns done, drains plated, and the duets left unexplored She had a xeiy 
stonily course, running a septic temperature until death ou.urred August 13, on the 
twelfth post operatic o day. Post mortem showed a generalized puitomtis with a 
small lner abscess and puiulent cholangeitis 

Comment. — This was another case of perforation into the liver It 
would seem better to operate in the first twenty-four horns after the 
onset of acute gall bladder symptoms wdieie theie is fever and mcieased 
leucocyte count, for delay' is often fatal, enough so as to overshadow 
the moitality of early operation. 

Cisi, 3.— A women, aged 00 years, was admitted Dec 3, 1940, complaining of 
mix ore pain m the region of the gall bladder, not relieicd by morphine, and present 
for one day. Por fifteen yeais she had had dyspepsia and bloating, and for six 
years colicky attacks, with a great deal of interim gastric symptoms. Siie had 
newer been jaundiced, how ewer. On examin ition her temperature was found to be 
97° P, pulse 100, and respirations 35. Tenderness and rebound tenderness were 
marked throughout the abdomen, moie in the gall bladder area. There was general 
l/ed rigidity. The urine was negatue, the VT.B C. 3,770 with 7S per cent poly 
moiphonuelears, and lib. 91 per cent The lVjssermann was reported as negative 
A scout dim of tho abdomen showed no stones, no distended loops of bowel, and 
no air oxer the lixcr. At operation, two hours after admittance and twenty four 
hours after tho onset of the pain, free bile was found coxermg all the peritoneal 
sui faces and in consumable quantity. The gall bladder xxas full of stones, and the 
proximal third was gangrenous, with a laige fieo peiforation near the neck 
Cholecystectomy xxas done and the abdomen closed with drainage The course was 
unexentful and she xvas dismissed after twenty days The pathologist reported 
chrome cholecystitis with stones. 

Because of tlie acuteness of the symptoms, lather than the fact that 
the patient piesented a “gall bladder” picture, she would have been 
operated upon by' any' surgeon xvho might have seen her It is such 
cases that impiess us with the desirability' of eaily operation upon the 
acute gall bladder. 

q ase 4 A man, aged 7S years, xxas admitted Aug 21, 1931 He had an acute 

onset of xery sexere pain in the abdomen, followed by nausea and vomiting The 
pain was so severe he xxas unable to moxe Durmg eight liouis he was xvatched, 

* . t ] je p 0SS1 bihty of coronary thrombosis m mind His temperature xxas 9G° P, 

'"lse 100 and blood pressure 1S0/100 There xvas no jaundice Boaidlike rigidity 
P S oresent throughout the abdomen, with maiked tenderness and rebound teudei 
" a3 T1 WB C. xvas 12,S0O, with GO per cent polymorphonucleais, and Hb of 
UeSS r flat plate of the abdomen was negntixe Tiie patient had had txvo similar 

10 9 m. seventy m the last fixe yeais At operation, about ten hours 

attacks 0 e was found free bile m the abdomen, a few adhesions about 

after onse , ier f^orene with perforation of the gall bladdei The gall bladder 
the gall bladder, . ° ontained sex eral small stones Partial cholecystectomy xvas 

xxas contracted an ^ ^ neck T]le pathologist reported acute cholecystitis lvith 
done, leavuig^a ram i immediately ran a very high temperatuie, which in 

cholelithiasis' The p pinch time he was irrational He died on the fourth 

creased for four days, dur g 
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, day At post mortem the heart, luugs, amt kidneys showed notlung 
postoperative da) • 1 , . „„ a b ou t normal. 

to account for death, and the liver was the oue pre . 

^ ° f ^ £ ‘ UVel ' 

death” of Heyd. 26> 1942 , gaining of 

Case 5.— A man, aged oh years, Therc , vas a past history of i»- 

crarnps in. the abdomen and Sf* nausea and vomiting for some years, and a 

■ the upper abdomen nausea a much wa 




digestion, pain in 


stomy two years prenou- y. • . W .B.C. 6,600, 

but the scar from his operation ' x . ta ys “were’ negative, other than con- 
cent, and Wassermann negative. Sto * 1 > , vjs not visualised with the dye. 

firming the gastroenterostomy. The g. Zf y aicll 4> w hen he began having pam 
He was put on a modified Sippy rc o ^ f r g ays he ran a temperature 

in the gill bladder region, nausea «d paging 10,000. He improved 
between 100 and 101 P., " 1 » , e d because of a sudden accession of 

until m a, '*» m «> *<• «— >» “* 

pain and tenderness. At operation tlie gaU bladder, but the per- 

peritoneal cavity. There , were W^tonTy was done and a large quantity of 
foration was not found. -- c 10 , „ p un til the sixteenth postoperative day, 

rr,ss a ,^“rtr. u .. - « *-» *-* o » 

wound. , . 

• • -i m tim one cited hr D ’Abram” and is unusual m 

This case « snmlai to ^ ^ ^ recoramend ed for gall bladder 

that, the ^atment feedings to avoid overstimulating the 

disease, that®, sn ^ eausing repeated minimal stimuli 

K tep a constant flow of bile into the duodenum. He was also 
on bed rest and received sedatives and antispasmodics. 

i „ w man aged 23 years, was admitted Jan. 21, 1912, complaining 
Case nausea and vomiting, and a mass in the right side 

of severe pain m th b ^ ^ preseut four weeks, following an acute onset 
of bis abdomen. some re! i e f from warm moist compresses. He said 

X„ the meantime treatment for ulcers. On examination, he 

that for five years he had_ been uw ^ ^ ^ ^ a ver> . )jar d fixed 

was very * e “’ ” “ iB tUe ga p. bladder area. The urine was negative, W.B.C. 13,700 
" ia f f rn U lr cent polymorphonuclears, Hb. 12.S Gm., and a red count of 1,000 000. 
W,U \ P . d scout plate of the abdomen were negative. On January 24, three 

? admittance, he was operated upon. There was an inflammatory mass 

Idehtnebided abdominal wall, duodenum and colon, and lower border of the liver. 
r Of the mass was an almost destroyed gall bladder with a liver abscess 
In the «ewre 5t0 nes. The remnants of the gall bladder 

COmW TrSnLrS; a thin layer of purulent material. With considerable diffi- 
" T the whole mass was removed. The pathologist reported ulcerative cholecystitis 
t chronic hepatitis. The patient’s course was uneventful until February 5, when 
i levclonc.l small bowel obstruction and an enterostomy was performed. His con- 
iVrni was improved until February 24, when lie had massive hemorrhages from 
Z month and bowels and died. At post mortem, fresh blood was observed in the 
" “ duodenum, nml stomach, but the sources of the hemorrhages could not he 
determined. There was a chronic, indurated duodenal ulcer, but with no evidence 
of recent hemorrhage and no evidence of perforation. 

This apparently was a case of perforation of the gall bladder, with 
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large hero, as it does in all eases of gall bladder disease, and liver 
damage may .be said to be the deriding factor in the surgical mortality 
of gall bladder disease. We are impressed over and over again with the 
necessity of considering the liver first of all in our gall bladder surgery. 
We are often reminded, also, of the frequent occurrence of gall bladder 
disease accompanied by chronic peptic ulcer and appendicitis, as Jloyni- 
lmn pointed out years ago. 

In presenting these six cases, we were partly motivated by the desire 
to hold up examples of surgical procrastination. All the patients should 
have been operated upon much earlier (except in Case 2), when liver 
damage was minimal. 

The advantages of early operation in perforated gall bladder disease 
are just as applicable to acute cholecystitis before perforation occurs. 
These advantages arc that minimal liver damage is present, the lymph- 
atics arc sealed by inflammatory edema and exudate, the peritoneum is 
in a state of acute vaccination reaction, adhesions are not established, 
the planes of dissection are easily found and separated, often because 
of marked pericystic edema, and, finally, in case perforation has not 
occurred, a surgical catastrophe has been prevented. 
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AN EXPERIMENTAL STUDY OP METHODS FOR CLOSING THE 
DUODENAL STUMP AFTER GASTRIC RESECTION 

Alexander Slive, M.D., M.Sc. (Med.), David Shoch, M.S., and 
Samuel J. Fogelsox, M.D., F.A.C.S., Chicago, III. 

(From the Division of Surgery, Northwestern University Medical School) 

T HE reported operative mortality for gastric resection varies from 
5 to 26 per cent. 1 Leakage from the duodenal stump leading to 
peritonitis is the major cause of. death, according to Moynihan and 
Perelman. 3 The importance of proper closure of the duodenal stump 
in the Polya-Reiehel or Hofmeister-Finsterer types of Billroth II par- 
tial gastrectomies is appreciated by surgeons, but critical evaluations of 
the various methods now employed have been sparse. 

The Kerr-Parker procedure for closing the duodenal stump is the 
one recommended by the most recent American texts of operative sur- 
gery. 3 In this method, the duodenum is crushed with a clamp and sec- 
tioned flush with the proximal side of the clamp. A continuous Cush- 
ing- seromuscular suture is then inserted which inverts the edges when 
the clamp is withdrawn and the suture pulled taut. A second row of 
seromuscular sutures serves to reinforce the closure. Several special 
clamps such as the Clute modification of the Furniss clamp 4 have been 
recently introduced to facilitate the duodenal closure, but their use also 
necessitates some duodenal crushing. 

The procedure popularized by Doyen 5 is the one found in the older 
texts of operative surgery. 0 The duodenum is crushed with a clamp 
which is replaced by a ligature, then sectioned proximal to the ligature, 
and the stump inverted with a purse-string suture. This method re- 
quires the mobilization of a large area of duodenum, a procedure fre- 
quently rendered difficult by the retroperitoneal attachments of the 
human duodenum, especially when the latter is the site of an ulcer. 

Yon Haberer recommends the open method in which no clamps are 
used. The duodenum is sectioned, the distal end closed with a con- 
tinuous Connell suture, and a second row of continuous seromuscular 
sutures inserted. 7 Lahey prefers this method, but only because it does 
not waste as much duodenum as the Kerr-Parker closure. He states 
that if the edges are crushed first with a clamp, a better result is ob- 
tained. 8 Steinberg, on the other hand, believes that it is not advisable 
to use crushing clamps on the duodenal stump because clamps crush and 
devitalize tissue and thus jeopardize successful closure. 3 Both Lahey 
and Steinberg recommend fine chromic catgut for the first row of 
sutures, and the silk for the second row. 

Rect'ivtM for publication, Oct. 27. 1942. 
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Pcrelman, using ten dogs to study duodenal closure, concluded that 
ihc Kerr-Parkcr inelhod gave the best results. lie states that the more 
(irmly the bowel is crushed, the better the stump will heal, and that the 
purse-string method gave tho poorest stump. Ilis opinion of the con- 
dition of the stum]) posloperatively was based solely upon gross and 
microscopic examination. 

The object of this experiment was to perform gastric resections on a 
large series of dogs, evaluate the three fundamental types of duodenal 
closures by means of a quantitative method, and thus develop a “base” 
for comparison in future studies. 

METHODS 

Gastric resections were performed on ninety-six dogs. The duodenum 
was closed with chromic twenty-day 000 Armour’s catgut in seventy-two 
animals, and with silk in the remaining twenty-four. The dogs were 
divided into four scries of twenty-four each, according to the types of 
closure which were: 

Series I. Yon Habercr open method without clamps or crushing 
(catgut). 

Series IT. Crushing clamp method of Kerr-Parker (catgut). 

Series III. Simple ligature followed by purse-string method without 
clamps or crushing (catgut). 

Series IV. The same procedure as in Series III except that Size A 
black silk twist (Belding Corticelli) was substituted for catgut. 

Horsley and others have emphasized that back pressure in the duo- 
denum after Billroth II operations leads to separation and leakage. 10 
For this reason we decided that the best method for measuring the 
strength of the duodenal closure would be to determine the air pressure 
necessary to blow out the stump. This was done by sectioning the 
duodenum at its distal untraumatized end, inserting a glass tube which 
was then tied in place, and connecting the tube to a bicycle pump 
through a specially constructed, large mercury manometer. The intra- 
luminal pressure of the duodenum could thus be increased until rupture 
occurred, at which moment the pressure reading on the manometer was 

noted. 

Each series of twenty-four dogs representing one type of closure was 
subdivided into four groups of six dogs each. In the first group of 
ach series, the duodenal stump was blown out at the conclusion of 
tf C operation; in the second group this procedure was carried out on 
the fifth postoperative day, and in the third and fourth groups, on the 
eighth and fifteenth postoperative day respectively. 

RESULTS 

i vs the average pressures required to “blow out” the duo- 

Table 1 snot d pos t 0 perative intervals. These figures have 

denal stump at the seteo 
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been nU in Kg. ! to 

°f all the ^ catgut p ®£ t 0 u the fifth postoperative day, after 

pressure falls to fifteenth postoperative day it is 

«n to tile termination 

of the experimental observation period. 



Statistical studies were made on all our data because the variations 
within a group may be as large as the difference between the means of 
any two -roups. Significance was determined by using Fisher s fornu- 
las and tables as given in liis book on statistical methods, pages 128 and 


ITT 11 

The results of this statistical analysis are shown in Table II. Study 

of our results show that: . . , , 

\ The ligature and purse-string type of closure is the strongest, tor 

only on the eighth postoperative day docs any other procedure (open 
method) come close enough to eradicate any significant difference. 

2, The open (Von Haberer) and clamp (Kerr-Parker) types of clos- 
ures have the same strength immediately after the operation and on the 
fifth postoperative day. On the eighth postoperative day, the open 
method is significantly stronger than the clamp method, and on the 
fifteenth, slightly so. 

3. The silk purse-string closure is much weaker than the catgut purse- 
string closure immediately after the operation, hut slightly stronger at 
all subsequent times. 
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Tabu; £ 


PUE.S.SWKK.S PKQUUIKI) TO “ BLOW OUT” DUOIHBLU, STUMP 



group J. 

I.MMEIUATK 

r.o. pressure 
TEST 

group 2. 
FIFTH HAY 
I'.O. PRESSURE 
TEST 

GROUP 3. 
EIGHTH BAY 
P.O. PRESSURE 
TEST 

GROUP 4, 
FIFTEENTH 
DAY P.O. PRES- 
SURE TEST 

.Series I. Catgut 

Open Closure 
(Von Haberer) 

7*10* 

i 

275 

089 

826 

■Series H. Catgut 
Clamp Closure 
(Kerr-Parker) 

755 

Um 

mm 

662 

Series 1 1 1. Catgut 
Purse-string Closure 
(Modified Doyen) 

982 

480 

750 

902 

Scries IV. Silk 
Purse-string Closure 
(Modified Doyen 1 

029 

075 

904 

1091 


•Each number represents mean of pressures for six dogs, expressed in mm. mer- 
cury. 


Table II 


Significance of Catgut 


I m mediate — Between : 

Open and damp — No significance 

Open and Purse- — Slight significance 
string 

Clamp and purse- — Significant 
string 

Fifth Postoperative Day — Between: 

Open and clamp — No significance 

Open and Purse- — Significant 
string 

Clamp and purse- — Significant 
string 

Eighth Postoperative Bap — Between: 
Open and clarup — Significant 

Open and Purse- — No significance 
string 

Clamp and purse- — Significant 
string 

Fifteenth Postoperative Day — Between: 
Open and damp — Slight significance 
Open and Purse- — Significant 
string 

Ciamp and purse- — Significant 
string 


Between Silk and Catgut Purse-String Method: 
Immediate • — .Significant 

Fifth postoperative day — Slight significance 

Eighth postoperative day — Slight significance 

Fifteenth postoperative day — Slight significance 


CONCLUSIONS 

1. Jn the closures employing catgut as suture material, the ligature 
and purse-string method (without the use of clamps) is the procedure 
which gives the strongest closure of the duodenal stump. In the human 
beiim however, anatomic and pathologic considerations may frequently 
render this procedure impractical, and a choice must be made between 

the other two methods. 

9 'Die open method of Von Haberer is preferred to the clamp closure 
't-, Parker because between the fifth and eighth postoperative day 
01 • d of greatest postoperative mortality ) the duodenal stump 

(the peno , i j0WS much less resistance to intraluminal pressure, 

in the i clamp > “ fo fl ovfe d by the silk purse-string- method was found 

3. Silk 1 g a { ter the first postoperative day. The trend to- 

stronger than ca ° Q £ t j ie duodenum is supported by our results. 
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Table I 


Pm-sbum-s Kpquiiiki> to “Brow Oor” Bloblnal Stumi- 




■ 

GROUP d. 
KIGHT1I DAY 
P.0 PRESSURE 
TEST 

GROUP 4 
HFTEEJuTH 
DVY P O PRES 
SURE TEST 

Series I. Cutgut 

Opcii Closure 
(Von Ilnberer) 

710* 

275 

089 

820 

.Series II. Catgut 
Clump Closure 
(Kerr Parker) 

7oo 

820 

45S j 

002 

Series III. Catgut 
Purse string Closure 
(Modified Do^en) 

082 

480 

750 

902 

.Senes IV. bilk 

Pur-e string Closure 
(Modified Dojent 

(i_>9 

075 

904 

1091 


•Hich number ii presents mem of pleasures for siv dogs, expressed in mm mer- 
ouu 


Taime IX 


Sigmucvvce of Cvtgot 


Immediate — Between : 

Open and clamp — No significance 

Ojien and Purse — blight significance 
string 

Clamp and purse — Significant 
string 

Fifth Po.stoperatue Day — Between. 

Open and clamp — No significance 

Open and Purse — Significant 
string 

Clamp and purse — Significant 
string 

highth Pobtopeiatue Dag — Between 

Open and clamp — Significant 

Open and Purse — No significance 
string 

Clamp and purse- — Significant 
stung 

'Fifteenth Pobtoperatue Day — Between 

Open and clamp — Slight significance 
Open and Purse — Significant 
string 

Clamp and purse — Significant 
string 


Between Silk and Catgut Puise Stung Method 
Immediate — Significant 

Fifth postoperative daj — Slight significance 

Eighth postoperative daj — Slight significance 

Fifteenth postoperative dav — Slight significance 


CONCLUSIONS 

1 Jii the closures employing catgut as sutme material, the ligatiue 
and purse string method (without the use of clamps) is the proceduie 
which gives the stiongest closuie of the duodenal stump. In the human 
bein n* however, anatomic and pathologic consideiations may frequently 
icnd°er this procedure impiactical, and a choice must be made between 
the other two methods. 

9 The open method of Von Habeier is pieferied to the clamp closuie 
fVerr-Parker because between the fifth and eighth postoperative dav 
° riod 0 f greatest postopeiative mortality) the duodenal stump 

(the p me tliod shows much less resistance to mtialuminal piessuie 
ture followed by the silk puise-string method was found 
catgut after the first postopeiative dav The tiend to- 
strongei tna •' f the duodenum is supported by our results 

ward using silk m ciosiue 
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joint are the most important factors, it always is necessary to proceed 
with a clear conception of the mechanical features of contracture, of the 
normal function of the knee joint, and of the relation of the anatomic 
structures which may block extension. 

Both Silver 3 and Wilson 4 have stressed the role of the capsule, as 
well as the flexor muscles, in the deformity, and their operative proce- 
dures have been directed primarily to these structures. An outstanding 
feature of our own experience has been that many of the severe flexion 
deformities, particularly in atrophic arthritis, can be corrected at oper- 
ation by releasing contracted structures other than the posterior joint 
capsule. When the marked contracture of the deep popliteal fascia is 
completely resolved, a major portion of the deformitiy is overcome. 
This experience coincides with that of Kulowski 5 who stated that among 
the many tenotomies performed at the University of Iowa Clinic, sur- 
prisingly few eases required additional eapsuloplasty. He pointed out 
that “fortunately the capsule is the last structure to take part in the 
contracture and that posterior capsular shrinkage does not occur in 
myogenetic contractures unless a very long period has elapsed.” 

The structures of the knee joint are meagerly described in the stand- 
ard works on anatomy, and hence we are indebted to Normand L. Hoerr, 0 
professor of anatomy of Western Reserve University Medical School, for 
the following description. “The deep fascia of the popliteal region is 
a direct continuation of the fascia lata of the thigh, and over the pop- 
liteal fossa it is sometimes thin but always possesses considerable 
strength, owing to the numerous transverse fibers which are interwoven 
with longitudinal fibers. This deep fascia, which can be called popliteal 
fascia proper, is firmly attached on each side to the tendons of the 
muscles which bound the popliteal fossa; that is, the hamstrings above, 
and the plantaris and gastrocnemius below. The deep fascia is directly 
continuous with the connective tissue sheaths of the various muscles 
forming the boundaries of the popliteal fossa. The popliteal artery, 
popliteal vein, and sciatic nerve are held together by a sheath of fascia 
which is sometimes membranous, but often quite loose and containing 
considerable fat. Below the broad sheet of deep fascia which forms 
the roof of the popliteal space, the fascia becomes much looser and af- 
fords a fatty packing of the entire popliteal space. The floor of the 
popliteal fossa is formed from above downwards by (1) the popliteal 
surface of the femur, (2) the capsule of the knee joint, and (3) the 
strong fascia which covers the popliteus muscle. The resistant fascia 
roofing the popliteal fossa unites with the tendons and muscles, forming 
the walls of the space, and covers a well-delimited cavity, incapable of 
great distension.” (Fig. 1.) 

As Kulowski has explained, “the position of contracture is dependent 
upon the normal mechanics of the knee and follows definite physical 
laws. The key to the contracture complex is the flexion position. The 
associated elements are secondary phenomena directly dependent upon 



TIT14 TREATMENT OP PEE XI ON DEFORMITIES OP THE KNEE 
Rudolph S. Reich, M.D., Cleveland, Ohio 

(From the Orthopedic Sendees of City Hospital and Mount Sinai Hospital ) 


VVYlTII our hospital facilities strained to the utmost because of hos- 

' ’ pitalization insurance and the present military emergency, it be- 
hooves us to rehabilitate as many patients incapacitated with chronic 
arthritis as possible, at least to the point where they are not bedridden. 
Our municipal and county hospitals have many beds filled with patients 
who cannot be removed because o£ flexion deformities of the knees, so 
their treatment becomes a social and economic, as well as a medical 
problem. 

It may be well to review some of the facts regarding these cases, and 
to stress the importance of a conservative point of view in dealing with 
them. As orthopedic surgeons, our interest in the problem pertains 
largely to correction, but we also know that many flexion deformities 
of the disabling type can be prevented, with attention to rest and main- 
tenance of the proper position of the joints during the inflammatory 
stage of arthritis. Swaim 1 and others have stressed that this is the 
crux of the problem of preventing arthritic deformities, which are al- 
ways flexion deformities and develop while the patient is in bed. With 
the ever increasing cooperation between medical men and orthopedic 
surgeons in treating arthritis, we may all do our share in the prevention 
of severe flexion deformities. 

Flexion deformities of the knees may result from a variety of con- 
ditions, including spastic paralysis, poliomyelitis, fractures and other 
injuries, and tuberculosis, but the vast majority of cases is due to 
chronic arthritis of the infectious, rheumatoid, or atrophic type. 


Haggart 2 has classified flexion contractures of the knee as follows: 
(1) arthrogenie, the result of a disturbance in the joint itself, usually 
rheumatoid or atrophic arthritis; (2) neurogenic, in which there is fixa- 
tion brought about by contracture of a muscle or muscle group as a 
result of abnormal innervation; (3) myogenic, which may be paralytic 
■is the result of muscular imbalance after poliomyelitis, or myositic, re- 
sultm" from inflammatory processes in the adjacent muscles, particularly 
the hamstring group; (4) congenital, usually associated with flexion 
contractures elsewhere in the body; and (5) static, consequent on hip 
flexion short gastrocnemius, or faulty posture. 

' . fr j 1 eac i l case of flexion deformity must be considered as an m- 

. 'Twoblem, in which the patient’s general condition, age, length 
dividua P ’ , Opm-ee of involvement of the various tissues of the 
of disability, ana am uc = 

'^Tived tor publication, Oct. 80, ^ 
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is no hope of restoring a functional joint, surgical treatment is useless. 
In polyarthritis, we have found to our dismay in one or two instances 
that the patient should not be subjected to surgery unless he is able to 
use his upper extremities well enough to aid himself in getting in and 
out of bed. Aged patients and those whose general condition make 
them poor operative risks also should not be subjected to a corrective 
procedure. 

When patients have been properly selected with these factors in 
mind, it then becomes important to determine the extent of involvement 
of the joint structures, and consequently the type of treatment neces- 
sary. The procedure in most eases must be surgical release of the con- 
tracted tissues, followed by mechanical procedures to increase extension 



of the joint. Closed methods, such as manual manipulation and the ap- 
plication of traction are satisfactory only in the mildest cases, but one 
should not hesitate to use them when they will suffice. In the majority 
of instances, the problem becomes one of deciding the extent of surgical 
correction which will be necessary. D 

It is difficult, if not impossible, to determine bv diagnostic means 
whether the contracture is extra-articular or intra-articular. IfulowsJd 
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it. The contracture position is therefore a fixed exaggeration of the 
normal flexion, incident to the newly established muscular equilibrium, 
and is certainly not a haphazard event.” 

In any attempt at correction of a flexion deformity of the knee, the 
treatment must be planned to take into consideration the nature and 
extent of the underlying disease process and the tissues which are 
actually involved in the contracture: the mechanical devices used to 
aid in extension must be applied with attention to the physical laws 
which govern the function of the joint. 



- Drtetorinr coniDartment of the knee joint with the deeper structures ex- 
Fig. , 1 -7r,f n | t thc popliteal fascia extending around the gastrocnemius muscle an 

between toe muscle fibers. 

mi first consideration in the treatment of flexion deformities of 
, 1 no k a careful selection of cases. Surgical procedures are con- 

the . ote(1 in the presence of an inflammatory condition of the joints, 
tramdic internist or someone particularly interested m the 

The advice o should be sought in all cases in which there is 

treatment o ai ^ activity of the disease process. When there 

any question o c that ankylosis will certainly result or there 

is joint destruction so se\e 
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nerves and arteries. One alter another of the layers of tissue are 
divided, depending on the results. If the hamstrings have been divided 
without releasing the contracture, then the popliteal fascia is thoroughly 
exposed and divided, even that portion which forms the intramuscular 
septa. In most instances it also is necessary to separate the heads of 
the gastrocnemius. This proves sufficient in the majority of cases and 
it is not necessary to do a capsuloplasty. 



Fig 3 —Lateral incision showing- tenotomy of the biceDs 

iliotibial band and exposure of the peroneal nerve! ° ! ih0 

In those cases in which faseiotomy is ineffective in releasing the con- 
tracture, a capsuloplasty is performed, according to Wilson’s technique. 
In atrophic arthritis, where there usually is marked osteoporosis sharp 
dissection is preferable to periosteal stripping. If the flexion deformity 
is not completely overcome fay this procedure, we agree with Silver that 
the knee should not he forcibly extended, because of the danger of frac- 
un-e of subluxation, of exacerbation of inflammation, and of ininrv 
m the nerves and arteries. The warning frequently has been sounded 
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lias slated that the block due to capsular shrinkage can be determined 
clinically by the presence of a posterior springy resistance against 
passive extension of the knee in the presence of relaxed hamstrings. 
In our own experience, this finding lias limited application because when 
there is intracapsular involvement the extraeapsular structures, particu- 
larly the hamstrings, are also contracted, as a rule. 



/ 


I 

t 

t 

Fig. 2 B . — For legend 



see page 749. 


Hence the question of which tissues are contracted has to be answered 
.. the operation, which should be undertaken with the idea that the 
nrncpduie will be determined by the individual findings and will be as 
1 „ti ve as is consistent with good functional results. When the 
COn f^toe is exJ-articular, usually with flexion deformity of less 
c01ltl “ Wvpps tenotomy of the hamstrings ordinarily is sufficient. A 
than 4o d D > ^ ,- ust medial to the biceps tendon over the course 

lateral appioac rpj ic medial incision is slightly to the inner side 

of the peronea n ' litea i spa ce and the tibial nerve and branches 
of the midlme o ^ o . ives a t i 10 rough exposure of the posterior por- 

(pigs. 2, 3, and ) • ^ ° ^ same time brings into view the popliteal 
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ankylosis of the joint is impending, osteotomy either above or below 
the knee joint to correct the deformity is the method of choice. 

The operation is considered satisfactory when extension has been cor- 
rected to within 15 degrees of normal. Additional extension usually 
is secured by the postoperative application of traction and by physical 
therapy, consisting of heat, massage, passive exercise, and muscle set- 
ting. Our practice is to employ Russell traction for extension because 
that affords a certain degree of extension to the upper portion of the 
tibia while producing traction which eliminates a backward luxation of 
the tibia in the knee joint. Various other apparatus, based on similar 
mechanical principles, have been proposed to aid extension of the joint, 
so the type of traction used becomes a matter of individual choice. Skel- 
etal traction has been advocated by a number of authorities, but we have 
not used it, largely because of the dangers involved in inserting a pin 
into atrophic bones, and because the methods used to increase exten- 
sion have been satisfactory. 

Synovial hypertrophy is common in eases of flexion deformities of 
the knees, particularly in those with intra-artieular lesions. In a num- 
ber of instances, it has appeared that this would be an obstacle to ade- 
quate extension of the joint, and plans have been made for a synovec- 
tomy following a period of rest and traction. However, in none of 
these cases has synovectomy proved necessary because the synovitis 
subsided satisfactorily during the postoperative period while the patient 
was at rest. Magnuson' also has noted that removal of the synovia has 
not been necessary in his cases subjected to joint debridement. In this 
connection, it is interesting that Steindler (as quoted by IvnlowskP) has 
called attention to hypertrophy of the infrapatellar fat pad as a primary 
cause of flexion deformity and an anterior mechanical block to extension. 

CONCLUSION 

It is important to emphasize that the conservative viewpoint should 
be carried through to the evaluation of the results of treatment. In 
many instances, the patient cannot be rehabilitated to the extent that 
he regains normal function of the knee joint. But if enough function 
can be restored to enable him to move about, even with crutches, rather 
than to be completely bedridden, a great deal has been accomplished, 
both from the standpoint of the patient and from the standpoint of so- 
ciety. 

Experience lias shown that by keeping in mind the structure of the 
knee joint and the. nature of the disease process resulting in flexion 
contracture, it is possible to rehabilitate these patients satisfactorily 
without resorting to the radical procedure of capsuloplastv in the major- 
ity of eases. When tenotomy docs not suffice, fasciotomy does, as a 
rule, and except in the rare cases in which the condition is most ad- 
vanced. the capsule may he left intact. These more conservative proce- 
dures naturally carry less risk of infection, increased stiffness and other 
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that excessive force applied in manipulation may cause postoperative 
tract lues because of the atrophic condition of the bones. In some of 
Wilson’s early cases in which complete extension was secured at opera- 
tion, theie was evidence of injury to the nerves. In later cases, he 
obviated this complication by taking care to free the nerve from the 
surrounding tissues for a considerable distance. In extreme contractures 



Fie- 


•1. — Medial 
tibial nerve 


incision showing- semimembranosus and semitendinosus tenotomized 
and popliteal artery and inner head o* the gastrocnemius exposed. 


., st be re membered that the danger of injuring the nerves and vessels 
1 a tion is Increased because they may be displaced from their 

normal positions or imbedded in scar tissue, making their identification 

difficult. s whel . e tenotomy, fasciotomy, and capsuloplasly are 

In those i se of eX cessive flexion deformity, where these pro- 

contramdica e damage to nerves and blood vessels, or where 



CHRONIC EMPYEMA DUE TO DERMOID TUMORS OF THE 

MEDIASTINUM 

Johx M. Dorsey, M.D., Chicago, III. 

(From the Surgical Department, The Presbyterian Hospital) 

r-r-HP* e-uises of chronicity in empyema thoracis have been listed as: 

Si»utei S Z tmm *.*«“ lto 10 omph ° s ' zc 4 s 

rf 1*’ mStSTarc caM epWemokb «l,c„ 
dcStam ccodcna.1 elements, tme demoi* «• to Ms m ad- 
dition evidence o £ mesodermal derivation, and teratoma 
n f .iii ttiree germinal layers are present. _ _ 

Secondary infection sometimes eonstitntes a deceiving as we as a 
dangerous complication of these neoplasms and leads to masking their 
presence behind the c-linieal syndrome of chrome empyema. Inieetion 
usually occurs from rupture into the neighboring pulmonary paren- 
chyma or bronchi due to pressure. Suppurative pleurisy may ie.su t 
S even when adequately drained, will not be permanently cured 
because of the underlying pathologic process Since this fact seems to 
need emphasis, the following strikingly similar ease histones are pre- 
sented. 

CASE REPORTS 

C se 1 — -T B is a young woman -8 years of age. In 11)1/, at the age ol 3 
wars she' had what was diagnosed as pneumonia of the right lung with subsequent 
, ' which was treated by tube drainage. A sinus persisted which continued 
to discharge purulent material, despite which the patient remained quite well. 
Tins sinus wa- closed in 192:1 when the patient was 12 years of age. for two years 
she couched up the same type of material which had come from her external thoracic 
one.un“ She failed to improve during this time, so the tract was reopened in 
1905 °ia attempts to eradicate what was thought to be a ehronie empyema cavity, 
thorucoplustic procedures were carried out in 192S and again in 1931. It was at 
tins Inter time that sebaceous material and hair were found at a postoperative 
dressin" of the wound. More of the same substance was removed and on three 
ooc-IsKsns radium was used to destroy the cyst wall without success. In 1932, a 
tumor was removed from the right chest weighing 292 Gm.; it contained bone, 
lymphoid tissue, stratified squamous epithelium, sebaceous glands, and connective 
u-sue. In 1931, residual bronchial fistulas were closed successfully. Two years 
before removal of the thoracic tumor this patient complained of aching joints 
as-ociated with swelling. Except for a continuation of this complaint to a lesser 
degree she is in good health. She has no symptoms referable to her chest, except 
slight dyspnea on exertion. 


lit reived for publication, Dec. 1, 1312. 
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complications, shorten the period of convalescence, and hence are dis- 
tinctly preferable from the standpoint of patient, surgeon, and hospital. 
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Fig. 4 — Photograph of gross specimen of dermoid tumor surgical!) remo\ ed. Xote 
the hair characteristic of these tumors. 



Fig. j (Case 1) — Postopeiatne lointgenogram of chest Tlieie is considerable 
thoracic deformit) because the piticnt had bt en treated for chronic empjenia for 
man) jours before diagnosis of tumoi was made 

Fig. G (Case 2). — Roentgenogram of chest showing density in right lower median 
lung held, as in Case 1. 
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Fig. 1 (Case 1 ) . Roentgenogt am of^cl^s^showine density m right lover median 



Fig. 2. Pig 3 


Pig •> (Case 1) — Lipiodol visualization of sinus tract This and accompan> Ing 
lateral' view clearly demonstrate the anterior location of the lesion. 
g (Case 1) — Lateral view of lipiodol visualization 


DORSEY: Cf IKON 1C KMI'VRUA DOM TO HMKAKHD ‘('UAIUU'M 7M 

ix years ago. In the summer of li'KSS, tlioro developed, in ntUUHon l<> t it*' pio* 
active cough, pain behind tho sternum. A physician was comm il nil who 1‘nnntl 
undent fluid on aspiration of tho right chost posteriorly, Tulio drulimgo will 
istituted and was continued until July, 1 !),'!!), 




Fig. 7 (Case 2) — -Vnteiopostenor view with catheter m sinus 
visualization. Notice oil in bronchial tree indicating- the presence 
Fig. S (Case 2). — Lateral view of Fig. 7. which conclusively 
lesion to be in anterior mediastinum. Costoveitebial gutter region 
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tract for lipiodol 
of fistula, 
demonstiates the 
is clear. 


9 photograph of tumor 


removed, showing hair on Its surface. 
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dition to thorough general physical examination, specific investigation 
of the thorax must he carried out. The sputum and sinus discharges 
should be searched for tubercle bacilli, as well as for fungi of all types. 
Culture is made of both, as well as direct smear for hair, sebaceous 
material, cholesterin crystals, and epidermis. Guinea pig inoculation 
is advised. 

Roentgen examination is made in both the anteroposterior and lateral 
views before and after the sinus is visualized by the injection of lipiodol 
or brominol. Fluoroscopy of the stomach and colon to rule out dia- 
phragmatic hernia through the foramen of Morgagni is suggested. 
Wassennann and other tests for syphilis should be performed routinely. 
Aneurysm has been confused with tumor 2 and, of course, may lead to 
disaster if unrecognized. Bronchoscopy, and even endoscopic examina- 
tion of the sinus, may confirm a tentative diagnosis if hair, cholesterin, 
etc., are found. 

Characteristically, dermoids are found in the anterior mediastinum, 
extending laterally and posteriori}- as they enlarge. A study particu- 
larly of the lateral roentgenograms of the chest in the cases presented 
shows the costovertebral gutter region to be free from disease. This 
is usually involved in a chronic empyema process. Lipiodol visualiza- 
tion of the sinus tracts demonstrates their extension into the anterior 
mediastinum. This suggests the diagnosis of dermoid tumor, which was 
further substantiated in each case by obtaining material from the sinus 
which was characteristic of these lesions, such as hair and sebaceous 
material. 

At operation in each instance a tumor was removed. Hair can be 
seen on both specimens (Figs. 4 and 9). The derivatives of ectoderm 
and mesoderm can be seen on microscopic section (Fig. 10). 

It is not the purpose of this paper to discuss the surgical treatment 
of mediastinal dermoids. Infection has been largely responsible for 
mortality in the reported operative deaths. 

The surgical approach to each patient must be individualized. While 
the transpleural operation through a posterolateral incision as advo- 
cated by Harrington 3 affords the best exposure, and thereby facilitates 
careful dissection from other mediastinal structures, the anterior ap- 
proach may be safer in the presence of infection. Because of the malig- 
nant changes in at least 15 per cent of these tumors, early surgical re- 
moval is advised. 
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At this time sho came to Presbyterian Hospital. Because she had a septic 
temperature the posterior sinus tract was opened more widely to promote adequate 
drainage. A tentative diagnosis was made of chronic empyema. Since Jier fever 
did not entirely subside, two months later a second operation was carried out to 
unroof the chronic empyema cavity. The sinus was found to extend far forward 
and at its anterior end a white movable mass was seen and felt. .1 piece of tissue 
was secured with a bronchoscopie biting forceps and histologic report was "se- 
baceous evst.” A diagnosis of anterior mediastinal dermoid was made. The 



Unoer illustration is that of the capsule surrounding the actual tumoi. 
Eife- 1--. UPP tajne( j t| ie purulent sebaceous fluid which drained from tin. 
Withm this ' ?n U! f°vhose anterior communication is shown at D; .1 mailis the impel 
£nd of the tumor before its complete removal. 

w s removed in two stages through an anterior thoracic appioaeh. Since 
"ime cholecystectomy has been performed for gallstones which were visualized 
that time J Tlieie ) ul j pi educed severe colic on two occasions. The 

pat£X gaTned twenty-five pounds in weight and is quite well. 

discussion 

1 Iw carefully planned study that diagnosis of the under- 
It is only * chronic thoracic sinuses can lie correctly made. In ad- 
lying cause ot ciuuu 
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is by no means settled. Hypertrophic is redundant, for there is no 
other than hypertrophic kind of infantile pyloric stenosis. The latter 
term, that is, infantile pyloric stenosis (also employed in the title), 
appeal’s to be the most precise. In German the equivalents of pyloro- 
spasm and pyloric stenosis are used interchangeably, while in English 
stenosis always denotes organic obstruction. The French, too, clearly 
distinguish ’ between pylorospasm and pyloric stenosis, reserving the 
term pseudostenose for the former. The other Latin countries follow 
the French usage, while the Scandinavians and Central-Europeans copy 
the German example. In the older literature the designations of 
stenosis pylori congenita and Jiyperemesis lactentium are encountered. 

In addition to these standard designations, one meets a host of loosely 
coined sporadic names, such as pyloric contracture, congenital pyloric 
spasm, essential pylorospasm, spastic stenosis, pylorostenosis, pyloric 
stenosis of infants, muscular hypertrophic pyloric stenosis, stenosing 
pyloric hypertrophy, and maladie pylorique. 

HISTORY 

Scattered accounts of cases closely corresponding to the entity now 
known as infantile pyloric stenosis were published as early as the seven- 
teenth century. Kellett believes that the case report of Hildanns, a 
famous German pediatrician who flourished in the second half of the 
seventeenth century, should be accepted as an example of this disease; 
the date of the first description would thus be 1646. While this claim 
may be questioned, there is little doubt that the accounts of Blair 
(1717), C. Weber (1758), and Armstrong (1771) are strikingly char-/ 
acteristie of the disease as now recognized. The case observed by 
Hezekiah Beardsley has several distinctions: it appeared (1788) in the 
first medical periodical published in the United States; it was discov- 
ered and made public again by Sir William Osier ; and for many years 
it was believed to be the earliest example of the disease then extant. In 
the early nineteenth century Pauli (1839) and Williamson (1841) made 
accurate independent observations of this condition, and Dawosky 
(1842) for the first time described the projectile character of the vomit- 
ing. 

Considering the very typical clinical manifestations of the disease, 
the meagerness of the number of these reports is surprising and hardly 
explicable by the rarity of the disease alone. The very deplorable state 
of pediatrics, the general ignorance and even indifference in the mat- 
ters of infant disease offer a more likely explanation. But even the few 
early reports made no impression whatever on contemporary medical 
thought. Children with hypertrophic pyloric stenosis continued to die 
with the disease undiagnosed and, what was more important, untreated. 
In fact, the original case reports were so completely covered with the 
dust of oblivion that they had to be rediscovered in the twentieth een- 
tury, when the disease had long been well recognized in most of its 
aspects. 



Editorial 


Recognition of Military Training - as a Determination of 
Eligibility for American Boards 


TV /T ANY of the younger men in the service have been concerned about 
fVA the effect which the war would have upon their eligibility for 
the various American Boards. Whereas many men have previously 
outlined a course of formal surgical training which would make them 
eligible to take their respective board examinations, with the introduc- 
tion of the United States into the war and the necessity of then - enlist- 
ment in the Armed Forces, this formal training has necessarily been 
interfered with. It has been the hope of those interested in graduate 
medical training that recognition could be given for adequate training 
received in the Armed Forces. 

It is significant that the American Board of Orthopedic Surgery, 
one of the oldest boards, has taken formal action concerning this. “In 
order that the committee on eligibility may have adequate data for 
evaluation of the training of applicants who have served with the 
Armed Forces, a plan will be set up whereby all who are assigned to 
orthopedic services will be provided with an orthopedic service record. 
These records must indicate the character and amount of orthopedic 
work performed at each post to which prospective applicants are as- 
signed. The notations of each officer concerning his service at each 
post must be signed by bis superior officer in charge of the orthopedic 
service and approved by the commanding officer. The orthopedic 
service record will be retained by the officer and finally will be sub- 
mitted with his application to the Board for review by the committee 


on eligibility/' 

It is probable that other boards will follow the lead taken by t lie 
American Board of Orthopedic Surgery and set up similar plans be- 
cause in this way it will be possible for the man getting adequate train- 
in o- to have this designated at the time he is getting it so that proper 
.. i ie made whenever lie makes application to take his 

eva ua - Because of the new ruling by the American Board of 
examnia 10 • d because of the possibility of such a ruling being 

Orttopedit Singers » ^ ^ „ ]a , MntettpIaUng taking 

made by othe 1 Various boards should communicate with ins re- 
examinations to ‘ p 0ss ible moment in order that he may get 

spective board at the « ’’ record . 
information eomermng tbe 
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the changes of catarrhal gastritis frequently present as a secondary 
phenomenon. Inconsequential mucosal erosions may be found hut true 
chronic ulcers have been described as great rarities (Kleinschmidt, and 
Thompson and Gaisford). The muscular coat of the entire stomach 
wall is also thickened to a lesser or greater degree and the lumen of the 
viscus may be considerably dilated. It is generally agreed that micro- 
scopically the increase in the volume of the pyloric musculature is due 
to a true hypertrophy ; that is, there is an increase in the size of the 
component muscle cells without an increase in their number, (v. Met- 
tenheim, on the other hand, states that the process is both a hypertrophy 
and a hyperplasia.) The inner, circular fibers are primarily involved, 
although the longitudinal layer also shows a lesser degree of similar 
alteration. The latter is usually % to Vv the thickness of the circular 
muscle coat (Bala n) whose diameter, in turn, varies between 3 and 
7 mm. (3 to 4 times normal) CWollstein). While the connective tissue 
substance of the muscle coat also shows some increase in volume, this 
does not materially add to the formation of the pyloric swelling (as 
originally held by Hirschsprung, and Finlcelstein and his associates). 

Balan and later Cameron made the very significant observation that 
the elastic fibers of the submucosa and, to a lesser degree, of the mus- 
eularis mucosae and muscularis propria also partake of the process of 
hypertrophy and that this hypertrophy, together with the muscular 
hypertrophy, is limited to the pyloi-ie canal (leaving the pyloric ring 
itself uninvolved) and is a progressive change, becoming more pro- 
nounced with the lengthening of the dui'ation of symptoms, advancing 
in the long axis of the canal both orad and aborad. 

The increase of muscle volume within the confinement of an adherent 
and unstretehable peritoneal covering transforms the limp and relaxed 
pyloric canal into a hard and solid tube. Another effect of the muscle 
swelling is the protrusion of the thickened pyloric segment into the duo- 
denal lumen, much as the cervix intrudes into the vagina. The tension 
within the thickened pyloric muscular coat compresses the vascular 
branches and lends a pale, bloodless appearance to the component tis- 
sue. The consistency of the muscle turns crisp and gritty, but as the 
disease progresses, presumably on account of the stretching and loosen- 
ing of the peritoneal covering by its growth, it again becomes softer 
and more vascular. It is this factor of age that apparently accounts 
for the two distinct types of pylorie tumor described by some authors 
(Heile). 

There is a considerable body of evidence, based on observations in 
vivo, to show that the pyloric tumor undergoes a cycle of changes grosslv 
visible and palpable. It apparently reaches its maximum hardness and 
size between the fourth and ninth postnatal weeks. Thereafter, it tends 
to become softer of consistency and smaller in extent (Higgins and 
Tallerman) . Whatever the underlying cause, these cyclic alterations 
are in harmony with the modern views of pathogenesis and throw light 
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^ TJius when, in 1887, at the Wiesbaden meeting of the GeseUschaft fur 
Ivinderheilkundc, Hirschsprung described two cases of infantile pyloric 
stenosis, ho in fact presented a new disease as far as the practitioners 
of medicine in attendance were concerned. Hirschsprung’s interest was 
mainly in the anatomic aspect of the disease, his attention having been 
brought to the problem by the reports of Landauer (1879) and Mayer 
(1SS5) dealing with the pathology of hypertrophic pyloric stenosis in 
the adult. He gave an excellent account of the gross pathologic changes 
and expressed the supposition that these alterations were the cause of a 
definite clinical form of infantile vomiting. He further assumed that 
the adult type of hypertrophic pyloric stenosis originates from the in- 
fantile form — a question not yet answered even today. (See Elmer and 
Boylan, Frank, Judd and Thompson, McNamee, Rossle, McClure, 
Twining.) 

Within a brief time after Hirschsprung’s presentation the disease 
became widely known. The eagerness of the prodigiously growing med- 
ical science at the turn of the century quickly engulfed the new problem 
about which a large literature soon grew up. Finkelstein (first to de- 
scribe the palpable pyloric tumor), Huebner and Pfaundler in Germany, 
Hutchinson and Thomson in England, and Holt, Downes, and Scudder 
in the United States, were especially eminent among those who early 
interested themselves in the disease. 

The Typical Clinical Picture . — As a convenient reference, the pic- 
ture of the disease as ordinarily manifested — an abstract model of the 
disease, so to speak — may be here given. The typical infant is a lusty 
male child, probably the first child of the family, born spontaneously 
after a normal prenatal development. He nurses well and shows good 
progress until his third week of life when, rather suddenly, he begins 
to vomit some of his feedings. While maintaining his appetite, and 
without developing a febrile disease, his vomiting becomes gradually 
more severe, be begins to lose weight, becomes wizened and, unless ener- 
getic medical attention intervenes, dies of starvation or pneumonia be- 
fore reaching the age of three months. 


PATHOLOGY 


The pathologic anatomy of the disease is simple and clear-cut. All (be 
essential* alterations encountered are confined to the stomach and, in 
■tieular to the pyloric canal ( canalis pyloricus sive egcstonus) . The 
Pal , . ’ tino- of the body and the pathologic processes developing 

Sinall^ » "secondary to starvation and in no way restricted to the 


disease. nrn-antral region shows a shining, gray-white spindle- 

The entir PJ tilamjnous consistency. The length of this swell- 

shaped thickening ° to ^ cm . aud its ^dth L5 to 2 cm. with 
ing (loosely ca e 5 tQ Q g cm Almost without exception (Arreger, 
a wall thickness s o the nulcos a appears normal aside from 

Chian, xiot * 
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the changes of catarrhal gastritis frequently present as a secondary 
phenomenon. Inconsequential mucosal erosions may he found but true 
chronic ulcers have been described as great rarities (Kleiusehmidt, and 
Thompson and Gaisford). The muscular coat of the entire stomach 
wall is also thickened to a lesser or greater degree and the lumen of the 
viscus may be considerably dilated. It is generally agreed that micro- 
scopically the increase in the volume of the pyloric musculature is due 
to a true hypertrophy ; that is, there is an increase in the size of the 
component muscle cells without an increase in their number, (v. Met- 
tenheim, on the other hand, states that the process is both a hypertrophy 
and a hyperplasia.) The inner, circular fibers are primarily involved, 
although the longitudinal layer also shows a lesser degree of similar 
alteration. The latter is usually % to the thickness of the circular 
muscle coat (Balan) whose diameter, in turn, varies between 3 and 
7 mm. (3 to 4 times normal) ('Wollstein). While the connective tissue 
substance of the muscle coat also shows some increase in volume, this 
does not materially add to the formation of the pyloric swelling (as 
originally held by Hirschsprung, and Finkelstein and his associates). 

Balan and later Cameron made the very significant observation that 
the elastic fibers of the submucosa and, to a lesser degree, of the mus- 
eularis mucosae and muscularls propria also partake of the process of 
hypertrophy and that this hypertrophy, together with the muscular 
hypertrophy, is limited to the pyloric canal (leaving the pyloric ring 
itself uninvolved) and is a progressive change, becoming more pro- 
nounced with the lengthening of the duration of symptoms, advancing 
in the long axis of the canal both orad and aborad. 

The increase of muscle volume within the confinement of an adherent 
and unsti’etchable peritoneal covering transforms the limp and relaxed 
pyloric canal into a hard and solid tube. Another effect of the muscle 
swelling is the protrusion of the thickened pyloric segment into the duo- 
denal lumen, much as the cervix intrudes into the vagina. The tension 
within the thickened pyloric muscular coat compresses the vascular- 
branches and lends a pale, bloodless appearance to the component tis- 
sue. The consistency of the muscle turns crisp and gritty, but as the 
disease progresses, presumably on account of the stretching and loosen- 
ing of the peritoneal covering by its growth, it again becomes softer 
and more vascular. It is this factor of age that apparently accounts 
for the two distinct types of pyloric tumor described by some authors 
(Heile). 

There is a considerable body of evidence, based on observations in 
vivo, to show that the pyloric tumor undergoes a cycle of changes grossly 
visible and palpable. It apparently reaches its maximum hardness and 
size between the fourth and ninth postnatal weeks. Thereafter, it tends 
to become softer of consistency and smaller in extent (Higgins and 
Tallerman). Whatever the underlying cause, these cyclic alterations 
are in harmony with the modem views of pathogenesis and throw light 
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upon the anatomic basis of the clinical observations that the disease, 
once past the first three months ol‘ life, shows an inclination to spon- 
taneous healing. 

The blunt projecting end of the hypertrophic pylorus creates certain 
anatomic relationships that ai'e of practical importance. The apex of 
the foinix created all around this stopperlike mass and consisting of 
the duodenal mucosa becomes bound down to the muscular and serosal 
coats, forming the so-called “zone of adhesions” (Browne). Separation 
of the various layers at this point, therefore, becomes difficult and may 
cause- technical mishaps at time of operation. 

More recently degenerative changes of the plexus of Auerbach in the 
wall of the pyloric canal and stomach have been described (Herbst). 
The possible significance of this finding will be touched upon later. 

ETIOLOGY AND PATHOGENESIS 

The question of the causation of infantile pyloric stenosis has been a 
matter of extended speculation and has not as yet been accurately an- 
swered. In the following, the various known etiologie factors and the 
purely theoretic systems of pathogenesis, for the sake of clearer organ- 
ization, will be discussed under separate headings. 


ETIOLOGIC FACTORS 


Genetic (Hereditary) Factor . — Genetic research Jn cases of infantile 
pyloric stenosis is only at its very beginning but already a considerable 
body of observations has been accumulated. 

The most commonly appreciated evidence of heredity in a disease is 
its familial occurrence. Infantile stenosis was observed to occur in two 
siblings by Bousquet, Carstens, Cockayne (twice), Grisson, Hammond, 
Lereboullet (thrice), Pouyanne, Reuben (twice), Richter, Sauer (twice), 
Stenstrom (twice), Suner, Svensgaard (thrice), Thompson, Tribble, 
Uhr (four times) ; in three siblings by Bratusch-Marrain, Gorier, Hal- 


bertsma, Henschel, Kehl and Thomann, McGregor, Peliu, Schippers 
and van der Molen, Svensgaard; and in four siblings by Finkelstein, 
Ashby and Southam, Thomson, Carstens. 

Fabricius reported the case of a family in which three children born 
of a mother and her first husband, and a fourth child born of the same 
mother and her second husband were affected. In Caulfield ’s case father, 
daughter, and son evidenced the disease. The occurrence in father, 
son and possibly grandson was mentioned by Schreiber; in father and 
on by Svensgaard and Schmid; in father, son, and father’s brother 
® Pouyanne fin father and two sons by Lereboullet ; in mother and son 
Z Ashton • and in uncle and nephew by Schmid. 

Woiwtsma fives the distribution of five instances of the disease m 
. - lip , /two brothers. The pedigree published by Brendlc is of 
the lam ]ie discovered nine eases in four families inter- 
file greates 1 ’ t 0Jie ca se each occurred in the four sons of 

“ ,TtaX» had been suffering Iren, ,hc disease. 
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For an accurate statistical evaluation of the frequency of familial 
occurrence one should possess the knowledge of the total number of ob- 
servations of the disease among which the examples of consanguinity 
were detected, or, conversely, the presence or absence of familial tend- 
ency in the highest possible proportion of the observed and reported 
instances of the disease. Only the latter information is available, and 
that hut on a small scale, Monrad noted 7 instances of familial occur- 
rence in 174 eases; Uhr, 4 in 47 cases; Rinvik, 10 in 107 cases; Still, 4 
in 24S ; Thompson and Gaisford, 2 in 209; Strauss, 2 in 221; and 
Lereboullet, 3 in 47 cases. Even if the statistical significance of these 
sporadic and incomplete data cannot be expressed numerically, they 
appear to make the assumption a reasonable one that, as judged by the 
frequency of familial incidence, a genetic factor probably plays a role 
in the etiology of infantile pyloric stenosis. 

A further valuable criterion of the presence of hereditary influences 
is the incidence of the disease in twins. Numerous such observations 
have been recorded. Simultaneous presence of the disease in each of a 
pair of monozygotic (identical) twins was described by Bilderbaek, 
Card, Davis, Ford and co-workers (twice), Gelder, Halbertsma, DeLange, 
Lanz, Moore, Redgate, Redlin, Sheldon, Sommer, Varden. Similar oc- 
currence in fraternal twins was noted by Monrad (twice) and AYallgren 
(twice). One of a pair of paternal twins showed the disease in the 
cases reported hv Halbertsma, Knauer, McKechnie, Schmid, Thomson, 
IVallgreii (two cases). In the case of uniovular twins, as a rule both 
are affected ; in binocular pairs one of the pair is usually free from the 
disease. Although Laseli and Lereboullet reported one pair of mono- 
zygotic twins, each, with one of the pair unaffected, there is serious doubt 
of the monovular character of these instances. The largest collection 
of cases of twinning is that of Sheldon who was able to investigate the 
records of thirty-six sets of twins. 

Concerning the frequency of twinning among infants with pyloric 
stenosis, Ford and his associates observed 11 pairs of twins among 436 
such patients (1:36.3); Rinvik, 2 among 137 (1:68.5); Pouyanne, 1 
among 35 cases (1:35); Monrad, 3 among 223 cases (1:76.5); and, 
finally, in 1000 collected cases Sheldon found the ratio of twinnum to 
be 1:43.4 (the normal ratio being 1:80). The total number of eases 
analyzed is again too small to make statistical conclusions certain. It 
seems logical, however, to subscribe to Sheldon’s opinion that the evi- 
dence of twinning incidence is a strong proof that pyloric stenosis of 
the infant has a genetic basis. It must be added that from the informa- 
tion now available the exact mode of inheritance of the hereditary fac- 
tor cannot be stated. It does not appear to be entirely sex-linked, how- 
ever, and it is apparently complemented by an environmental the tor 
(Cockayne and Sheldon). 

Closely allied to the problem of hereditary factors is (he mueh de- 
bated question of the presence of a constitutional anlage. Attempts 
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iiave been made to ascertain constitutional patterns in the parents as 
well as in the infants, or to be more precise, since such investigations 
of infants are difficult, in children with past history of pyloric stenosis. 
The results have been highly contradictory. Reiclie, Behrmann, Block, 
and others believe they have demonstrated definite constitutional stigmas 
in the parental group in the form of “gastroneuropathic tendencies.” 
Cohen and Breitbart found in 44 per cent of 27 eases allergic heredity 
or allergic symptoms, v. Mettenheim considers the majority of these 
infants to belong to a “neuropathic-asthenic” constitutional type; he 
also finds them often to evidence certain uniform physical traits, such 
as hirsutism and prominent eyes. Others (Lehmann and Bau) deny 
the significance or even presence of demonstrable constitutional factors. 

The intrauterine development of the infants until pyloric stenosis 
shows no significant deviation from normal. Prematurity has been 
found uuth the usual frequency (Rinvik 5.8 per cent and Strauss 1.5 
per cent) and the course of pregnancies has revealed nothing unusual 
(Strauss and Rinvik). Abnormal deliveries occur as often as generally 
expected (Nisseu and Boecker, Strauss). 

It has been long known that infantile pyloric stenosis occurs pre- 
dominantly in the first-horn infant. While the variation in the per- 
centages of incidence reported is great (46 to SO per cent; Barrington- 
Ward, Bodai't and Mathieu, Faxen, McLeod, Rinvik, Robertson, Still), 
the average lies between 50 and 60 per cent. The frequency of first 
births in the general population is below or just around 40 per cent of 
all recorded births (Ford and associates, Salmi, Wallace and Wevill). 

A convenient way of comparing the available figures is to divide all 
births into two groups : first births and births of an order higher than 
first. Thus we obtain the following figures : Wallace and Wevill : first 
births among patients with infantile pyloric stenosis 55.6 per cent, in 
the general population 20 per cent; the values given by Salmi and by 
Robertson are as follows : 58.6 per cent and 42.5 per cent, and 51.8 per 
cent and 41.2 per cent, respectively. Thus the conclusion seems sound 
that the absolute preponderance of first-boni infants among those suf- 
fei'in 0, from pyloric stenosis is real. After a closely reasoned statistical 
analysis Ford and co-workers reached the same conclusion. Thus far, 
however, no plausible ideas have been advanced for the explanation of 

this phenomenon. . _ , . , , . . , . 

Another generally recognized finding is the overwhelming predonu- 
of males among these patients. The proportions given range 
’ a 7 9 9 to 160 pel' cent (Bodley, Brown, Donovan, Fredet, Kehl and 
irom - Lanman and Mahoney, MeGahee, McLeod, Meredith, 

Thomann, > hunting, Oclisenius, Oehler, Pans, Pouyanne, 

Mouriquan gobertson, Sekonbauer, Still, Strachauer, Strauss, Tal- 
Raisch, 1 uir: * > g e Wiedhopf and Bruhl) with the average between 
lerman, ^ an en ^ ^ no t ec i presently tliat this fact has been 

85 and 60 P er ' ^ MTnew0 rk of some of the theories of pathogenesis 
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(Stolte and. Ernberg), Some authors claim, but without adequate sta- 
tistical evidence, that when it occurs in the female the disease has a tend- 
ency to be particularly severe. 

The racial distribution of the disease has been very little studied. 
Lanman and Mahoney found no evidence of influence of racial faetoi'S 
in their cases. Direct facts to the contrary are hard to find indeed. It 
is very evident, however, to anyone studying the literature of the dis- 
ease, that case reports from certain countries are very scarce. For in- 
stance, from Italy only 45 eases were recorded in the literature until 
1935 (Cohvizi), With the exception of Prance (hi ox-let, Mu tel and 
Remy, etc.), the same trend is found in all the other so-called Latin 
countries (Arquellada, Giustinian and Anton elli, Zuviria). It is, of 
course, true that many factors other than lack of racial affinity may 
lead to a meager number of cases obsei’ved and reported in any one 
country, but this disparity is so marked that the conclusion is almost 
inescapable that the Anglo-Saxon races for some reason are much more 
susceptible to the disease. Moreover-, very few eases have been observed 
in Negroes (Davison) (Donovan, about 2 per cent of all cases in New 
York; McGahee, 2,1 per cent in St. Louis). Heile encountered a high 
incidence among Jews. It has also been stated that some geographic 
influence may have a i-ole : the Alpine regions of Europe appear to be 
entirely free from the disease (Ramstedt). 

Bayer was the first to suggest a seasonal variation in the incidence 
of the disease. He found that a considerably lai-ger number of cases 
was treated during the spring quarter of the year. This variation in 
frequency has been attributed to changes in the diet (vitamins), en- 
hanced endocrine activity, or hypersensitivity of the vegetative nervous 
system, all incidental to the changes of season (v. Mettenheim). Sclion- 
bauer and McGahee recorded similar observations, but Faxen, Wiedhopf 
and Bruhl, Svensgaard and others could not corroborate this assertion. 
The weight of evidence is certainly in favor of the absence of seasonal 
influence on the occim-enee of the disease. 

Some authors (Stolte) attempt to attach great significance to the 
marked preponderance of babies who have been breast fed. The fre- 
quency of breast feeding indeed varies from 65 to 75 per cent, but upon 
closer scrutiny one sees that this is about the number of infants that 
are breast fed normally in the age group in which pyloric stenosis is 
prone to appear (Behraann, Faxen, Monrad, Salmi). 

Upon analyzing our own material for the presence or absence of the 
factors just discussed, we find that no familial tendency can be dis- 
cerned. The proportion of males is 85,3 per cent. All but three of the 
patients belonged to the Anglo-Saxon race, there having been in addi- 
tion a Hungarian, a Polander, and a Russian. Fifty-eight per cent of 
the infants studied were first born and 75.S per cent of them were breast 
fed. In all these latter respects, therefox-e, our material repeated the 
trend generally observed. There was a slightly higher percentage of ab- 
normal births (one face presentation, one vertex presentation, one foot- 
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ling brooch, one delayed second stage, and one low cervical cesarean 
section— altogether 1G per cent) than usually found, but no prematurity 
was noted. As to the influence of season, our material shows how falla- 
cious the apparent result of the- study of a short series of observations 
may be : Fully 50 per cent of our eases had their onset in the months of 
July, August, and September, a wholly unique phenomenon and obvi- 
ously without significance. 


THEORIES OE PATHOGENESIS 


Before a sufficiently large number of post-mortem examinations were 
done the theory was advanced that the obstruction of the pyloric outlet 
was caused by congenital anomalies: misplaced embryonic tissue rests, 
such as atopical pancreatic or duodenal glandular tissue (Torkel, Rib- 
bert cit. by Schmid, and Lehmann). With the gradual accumulation of 
pathologic data and with the clarification of the typical picture of the 
anatomic alterations it. became evident that these abnormalities, together 
with the embryonic adenomyoma of the j>ylonis occasionally encoun- 
tered (Magnus-Alsleben), are but rare malformations that may cause 
symptoms resembling true pyloric stenosis but have no significance in 
its etiology. 

The presence of congenital anomalies near the pyloric region and 
elsewhere in the body but concurrent with pyloric stenosis (palatoschisis, 
atresia ani, congenital heart disease, agenesia of fingers or teeth, and 
others; Lehmann) had, however, a decided influence on the theories that 
conceived the pyloric lesion as a congenital malformation. (We now 
know that the total number of these birth abnormalities is too small to 
have any statistical significance.) The appearance of the symptoms at 
an early date after birth or, in some eases, at birth, and the observation 
of the disease in premature infants also seemed to support a congenital 


etiologic mechanism. Thus Hirschsprung, Finkelstein, and Ibrahim 
established the theory that the pyloric tumor represented an arrested 
starve or a complete absence of the process of involution of the fetal 
pylorus; the abnormal musculature thus remaining, will, “on account 
of spastic phenomena,” lead to the clinical manifestations of the disease 
durin°" the first few weeks of life. The proponents of the theory ex- 
plained the frequent spontaneous improvement of cases by stating that 
the hypertrophied gastric musculature may, in time, overcome the ob- 
structive resistance of the pyloric region; they further theorize for 
that develop the symptoms weeks or even months after birth by 
caS< f „ that these have an incomplete degree of obstruction at birth and 
7- phenomena of irritation, that completes the obstruction, will 
that . ie P The 0)1 |y COI1 erete evidence in support of this theory is 
occur a e • t j iat in infants with functioning gastroenterostomy 

Holt’s obseiv - sts £ 01 . years. This statement has not, however, 

the pyloric wm ] a { er observations on cases after the Fredct- 

been corrobora e , complete disappearance of the tumor (Lan- 

Ramstedt operation ieieu 
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mail and Mahoney and Donovan). The most damaging evidence against 
the theory is the fact that a typical pyloric tumor lias never been found 
in a premature infant unless it had lived for some length of time 
(Lehmann and Schmid). On the grounds of the accepted teratologic 
principles one may also object that malformations always represent a 
defective rather than an overdeveloped genetic process. 

Another group of authors consider the pyloric tumor to he the result 
of work hypertrophy occurring in fetal life. Dietrich and also "Willi 
(cited by IJhr) believe that obstruction of the pylorus may he due to a 
shortened hepatoduodenal ligament. Others see the cause of impeded 
pyloric function in fetal peritonitis (Hcusch, cited by Schmid) ; peri- 
duodenitis (Ramstedt) ; or anatomic abnormalities such as misplace- 
ment of the cecum or superior mesenteric artery (Schmid). The sup- 
position of all these authors is that a functional hypertrophy takes 
place before birth owing to mechanical obstruction of the pyloric out- 
let. Thomson’s assumption differs only in that he postulates a “nervous 
incoordination ” of the pyloric and gastric musculature leading to dis- 
turbance of emptying. 

The so-ealled spasm theory (Wernstedt, Bromann, and Pfaundler) 
regards the spasm of the pyloric musculature as the primary factor 
and the hypertrophy as a result of the spasm. (Pfaundler originally 
went so far as to deny the existence of hypertrophy, accounting for the 
gross appearance of the pyloric region by a “shift of muscle volume 
and the state of spastic contracture.”) Various factors have been 
sought to be made responsible for the initiation of the spasm: local 
erosion (Ernberg), irritating foodstuff, defective development of the 
vegetative nervous system, birth injury of the vasomotor and vomiting 
centers. The chief refutation of the theory has come exactly from the 
futility of the attempts to demonstrate these alleged initiating factors. 
Cliciual investigation also failed to yield convincing evidence of neuro- 
logic disturbance of the infants affected. Moreover, the holders of this 
view fail to distinguish adequately between the pyloric canal and the 
pyloric sphincter proper, two anatomic structures of well-defined and 
different functions. In general, they consider the entire pyloric region 
as one anatomic unit. But a spasm of this region should obviously lead 
primarily to a hypertrophy of the wall of the body of the stomach rather 
fhau of the pyloric canal. 

Because of the deficiencies of these theories, numerous ideas have 
been advanced to bolster or replace them. 

Vollmer believes that the alkalosis produced by any kind of severe 
vomithig mil bring about vagotonia and this, in turn, spasm of the 
pylorus. 

Pirie developed the rather complex train of thought that the hyper- 
adrenalin emia often noted in pregnant women causes a depression of the 
function of the pancreas of the fetus ; this in turn leads to a hyper- 
motility of the duodenum that interferes with the orderly opening of the 
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pylorus and gives rise to pylorospasm. Although Pritchard and Sillier, 
and Gray and Reynolds also attempted to support the role of hyper- 
aclrenalemia in the causation of the disease, the available evidence is 
not at all convincing. 

Forssell has advanced the idea of “disturbed autoplasticity of the 
pyloric mucosa.” According to him the pyloric mucosa possesses the 
ability of self -regulatory movement (autoplasticity) and may act as an 
important agent of the closure of the pyloric opening (so-called torus 
pyloricus f unctionalis or “functional pyloric stopper”). The first step 
in the genetic events of pyloric stenosis is, states Forssell, the impair- 
ment of this autoplasticity. He conducted some very painstaking and 
ingenious radiographic investigations in proof of ins ideas, hut his work 
has remained unconfirmed. 

Moore and his co-workers have shown that rats fed on a diet deficient 
in the vitamin B complex develop, particularly in the second genera- 
tion, among other changes, a type of hypertrophic pyloric stenosis to- 
gether with myelin degeneration of the vagus. By analogy they claim 
that the cause of infantile pyloric stenosis of the human being is the 
same. There have not been sufficient clinical investigations earned out 
to prove or disprove this statement by dietary studies, although the 
theory may have some merits (e.g., it suggests an explanation for the 
so-ealled racial affinity and familial incidence of the condition). 

An ingenious theory has been published by Stolte. He came upon 
the idea that the hypertrophic pyloric musculature in the male infant is 
the counterpart of the hypertrophic uterus of the newborn female (which, 
as is well known, is as large as that of a 7-year-old girl), both being 
affected by the growth-promoting hormone circulating in the maternal 
blood during pregnancy and present in the maternal milk. The idea 
has obvious attractions: it checks with the sexual distribution of the 
disease and with the seeming frequency of breast feeding among the pa- 
tients. It is hard to explain, however, why the pylorus should be par- 
ticularly susceptible to the hormone; the prostate would be a more log- 
ical site. In addition to several other objections, one may mention that 
the measurements of the pyloric musculature show no appreciable dif- 
ferences in the normal male and female infants (Beumer and Hiickel). 
However, the idea has never been subjected to laboratory research. 

Lehmann considers the initial stages of hypertrophic pyloric stenosis 
analogous with the essential features of cardiospasm, the cause of which 
is the achalasia of the cardiac sphincter. According to the best eur- 

t opinion, the pyloric sphincter (as distinguished from the m us- 
16 Mure of the rest' of the pyloric canal, a primarily propelling mus- 

i . U chanism) is in a state of tone when not actively working: 
cuiar me <■ in w hi c li it closes the pyloric outlet; its working 

this is tne i ^ whcn jt opens (Fertue, Kestner, and Rliumann). 
condition eo hypertrophic pyloric stenosis is a congenital, heredi- 

Thus the cause oric sphincter to open, i.e., to perform its func- 

tary inability of tne p> i 
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tioa. The consequence of this is a work hypertrophy of tiie pyloric 
musculature, upon which the task of overcoming the resistance of the 
sp hin cter falls. If this compensatory hypertrophy is of sufficient de- 
gree, no clinical symptoms will appeal*. Further, Lehmann postulates 
the presence of au additional, central factor. As a result of the per- 
sistent overload on the gastric musculature, a summation of stimuli 
takes place in the higher nervous centers and eventually the threshold 
of sensory stimuli will be reduced for the central and peripheral vagal 
mechanism. Finally, the threshold may be lowered to the point where 
minimal peripheral excitation null result in contraction of the gastric 
wall, hyperperistalsis, and vomiting. The clinical picture will thus 
consist of the manifestations of the sum of these two effects: first, the 
inability of the stomach to empty itself when the hypertrophy of the 
pyloric musculature no longer keeps pace with the work demanded to 
ovex’eome the obstruction, and, second, the state of central vagal hyper- 
excitability. According to Lehmann, most forms of medical therapy 
attack the central factor, i.e., attempt to increase the sensory threshold 
by central depression. Conversely, the surgeon directs his effort to the 
breaking of the first link of the chain of events, by sectioning the 
sphincter and thus relieving the obstruction. 

As all the theories opposed to the concept of congenital etiology, 
Lehmann’s view is subject to the criticism that the short interval be- 
tween birth and the appearance of the disease is an insufficient length 
of time for the development of a high degree of muscular hypertrophy. 
This objection is, however, a decidedly speculative one. Lelmiann’s 
hypothesis, on the other hand, has much supporting evidence in fact. 

Recently Herbst (and others, cited by v. Mettenheim) demonstrated 
changes of degeneration in the axis cylinders and ganglion cells of the 
wall of the pyloric canal and stomach proper. Since in achalasia of 
the cardia (Hurst, eited by Vertue) similar pathologic changes have 
been reported, this observation would seem to make the analogy between 
achalasia of the cardia and achalasia of the pyloi-ic sphincter, as postu- 
lated by Lehmann, even stronger. It could be further presumed that 
the nerve changes represent a failure of normal development, perhaps 
on a hereditary basis, which may, under favorable circumstances, cor- 
reet itself by the third month of life, when, in fact, the symptoms of 
this disease usually disappear spontaneously. 

The roentgenologic studies of Meuwissen and Slooff, Runstrom, Wall- 
gren, Frimann-Dahl, Joehims, Andresen, and others ha\e demonstrated 
that one can, with great precision, delineate a period of growth in the 
evolution of the pyloric changes. There have been very early eases 
observed with definite x-ray changes but without clinical symptoms 
(Wallgren). In instances of reoperation, a progress in the growth of 
the tumor has been repeatedly noted. Roentgenologically it has also 
been shown that the progress in the size of the tumor takes place as the 
result of the incorporation of new hypertrophied muscle fibers orad; 
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eoneomittantly the lumen becomes narrower and, as demonstrated by 
operative observations, the wall of the pyloric canal becomes increas- 
ingly thicker. Eventually a length of 10 to 21 mm. will be reached as 
compared to the normal length of 1 to 1 mm. These phenomena evi- 
dently fit into Lehmann 's theory well. According to him the changes 
in the pyloric canal are those of work hypertrophy, thus a varying 
length of time will be required for their full development. Moreover, 
as long as the compensatory hypertrophy is adequate to its task, no 
symptoms will develop; thus, the asymptomatic eases with x-ray evi- 
dence of pyloric changes will be explained. 

In a very comprehensive review of the problem Schmid has also 
formed the opinion that the pyloric swelling is the result of a true 
hypertrophy of the muscular wall, brought about by a persistent ‘ ‘state 
of tension” of both the longitudinal and the circular muscle fibers. 
Instead of a primary obstruction at the pyloric opening, such as the 
achalasia postulated by Lehmann, he suggests the presence of a some- 
what mysterious ‘‘stimulus” that initiates the condition of increased 
tension in the muscular elements. He believes that he has found proof 
to identify this initiating factor with hereditary allergy. (In this con- 
nection it may be noted that BaJyeat and Pounders, Cohen and Breit- 
bart, and Rowe have also called attention to the possible role of allergy 
in the etiology of infantile pyloric stenosis. ) 

Of particular interest is Schmid’s explanation of the strikingly uni- 
form anatomic configuration of the pyloric tumor. Although puzzling 
even at first sight, the strict limitation of the muscular hypertrophy to the 
boundaries of the pyloric canal had not been quite satisfactorily clari- 
fied before. From considei’ations too lengthy to be repeated Schmid 
concludes that the upper limit of the extent of the tumor is determined 
by the anatomic disposition of the hypertrophic muscle fibers that 
causes them to lose their mechanical efficiency above the angle of the 
pyloric antrum. (It is generally agreed that the sphincter is spared of 
the process of hypertrophy because it is a structure apart from the 


pyloric canal.) 

Summary of the Theories and Facts of Etiology . — There is no valid 
evidence to sustain the view that the pyloric tumor of infantile pyloric 
stenosis is a malformation or, in other words, a birth anomaly. Its 
pathologic features, its symptomatology and its response to treatment 
prove this lesion to be a form of quasi-physiologic tissue reaction, most 
likely a type of work hypertrophy, in response to some abnormal stim- 

, v y Two fundamental questions remain to be answered. First, does 
^"development of the pyloric tumor always occur postnatally? The 
tle t0 t hi s question is a qualified “yes”; while m the great 

best ansv the i es i on evidently develops after birth, in a few 

majority o me that at least the earlier phases of the pyloric 

cases . one ml , had their origin in utero, i.e., during the last days 
swelling mus lUS t be added that this possibility does not 

of intrauterine Me- 
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necessarily refute the supposition that the pyloric changes are those of 
a type of work hypertrophy rather than of malformation. The other 
problem concerns the nature of the stimulus that calls forth the series 
of events leading to the pyloric tumor. The identity of this stimulus 
is not definitely known, although a number of factors, such as factors 
of race and sex, the high incidence in the first born, and a strong- 
hereditary factor, have been recognized that must have some hitherto 
unexplained relationship to it. 

The theory that binds the known facts and assumed possibilities into 
the most plausible sequence of events is that of Lehmann. Lor the time 
being this must be considered the most logical hypothesis of etiology 
even though it, too, overlooks the effects of some important factors of 
pathogenesis (race and sex incidence, frequency in the first born) and 
leaves unsatisfactorily explained some commonly seen phenomena (early 
postnatal appearance of pyloric tumor). The steps in the structural 
evolution of the pyloric tumor have been best elucidated by Schmid. 

SYMPTOMATOLOGY 

Incidence . — No reliable data of incidence are found in the literature. 
According to Hertz (cited by McGill) 2.7 per cent of all infants below 
1 year of age show the disease, but this seems altogether too high a 
figure. At the Henry Ford Hospital about 3 to 4 of every 1000 infants 
less than 1 year old have had the disease. Since about 1925, a marked 
increase in the number of reported eases bas been noted, unquestionably 
due to the more frequent clinical recognition of the disease. 

Vomiting . — At birth the child tends to be particularly lusty and well 
developed. The average birth weight has been recorded in the various 
series as about 3500 Gm. for boys and about 3000 Gm. for girls (Faxen, 
Mouriquand, Rinvik, Svensgaard, Strauss, Wallace and Wevill). The 
first days of life are also, as a rule, normal. During the third or fourth 
weeks of life, however, the infant begins to vomit its feedings. The 
vomiting first follow's the intake of food by some minutes, and there 
may even be some meals retained. Gradually it becomes more severe 
and it soon reaches a point where it starts with the first gulps of food. 
According to the reports in the literature the most common time of the 
onset of vomiting is between the second and sixth weeks of life, with 
the peak during the third and fourth weeks (Behrmann, McGahee, 
Monrad, Rinvik, Salmi, Still, Strauss, Svensgaard, and Wolff) during 
which nearly one-half of all cases occur. Seventy to eighty per cent of 
the cases will appear during the first six weeks of life. The average 
age at the onset varies between 21 (Brown) and 28.5 days (Rinvik), 
The first symptoms have been observed to show in some cases as late as 
four, six, or even nine months, but such cases are very rare. In fact 
for all practical intents the statement appears to he true that after the 
second, at most the third, month of life the disease is not seen (Ram- 
stedt and v. Mettenheim). About 10 per cent of the eases start at birth. 
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111 our material, 80 per cent made their appearance during the first four 
weeks of life (exclusive of three cases on which we have incomplete iu- 
formation) . 

An important characteristic of the vomitus is its freedom from bile 
or other duodenal contents. As a rale it does not contain blood. Only 
Svensgaard and Rosenbaum report important incidences of bloody 
vomitus (36.7 per cent and 23 per cent respectively). Emberg finds it 
frequently, but gives no figure. Prank hematemesis has never been 
observed (Rinvik). In our series blood was noted in the vomitus once; 
in three instances the necessary information was not given. 

In other respects an analysis of the returned stomach content yields 
nothing characteristic. The acidity is usually increased owing to the 
presence of decomposition products. In advanced cases hypoehlor- 
liydria and hypoacidity are found. 

The vomiting often starts as a simple regurgitation but practically 
always becomes forceful and projectile in type. Projectile vomiting 
must be considered as the sine qua non of the diagnosis of infantile 
pyloric stenosis. It has been found present in virtually every case; 
even when not decidedly forceful, the vomiting is of such severity that 
it is only a matter of personal estimate whether one labels it projectile 
or merely “vomiting.” Among all our cases the type of vomiting was 
thought to be projectile except in one instance, but in tins it was ex- 
tremely persistent and associated with visible peristaltic waves. (In one 
instance the type of vomiting was not stated. ) It is characteristic of the 
vomiting that it is entirely refractory to the usual therapeutic meas- 
ures of modification in the feeding formula, and that it is unaccompanied 
by manifestations of a febrile disease. 

It should be noted briefly that vomiting may be entirely absent in 
spite of the presence of the typical pathologic changes in the pylorus 
(Bexelius, Findlay, Wallgren, and others). This phenomenon will be 
easily understood in light of the modern concept of pathogenesis of the 
disease (vide supra), and, for obvious reasons, has no bearing on the 
practical diagnostic importance of the symptom of vomiting. 

Usually after an attempted feeding, but often independently of it, 
waves of gastric contraction can be seen passing across the child’s upper 
abdomen from left to right. This sign, too, has been observed in almost 
every case reported and is the second cardinal point of diagnosis. But 
it is not pathognomonic; peristaltic waves of the same description have 
noted in a variety of conditions other than pyloric stenosis 
1 Under e and Viallier, Mouriquand and Weill, Holt, Still). In our 
own material this sign was observed in 81 per cent of the cases. 

T iniber of cases the pyloric tumor can be palpated, usually in 

In . a “ l e r quadrant, high under the costal margin. The propor- 
tbe rigiit Pi vhich the pyloric thickening is reported to have been 
tion of cases ura wi( j ely . Bodley, 5 per cent; Broun, 54 per cent, 
palpable vanes q Lanman and Mahoney, 98 per cent; Lereboullct, 
Donovan, 100 per c ’ t tyeredith, 87 per cent; Still, 100 per 
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cent; Strauss, 25 per cent; Wallace and Wevill, 24.1 per cent; Wyatt, 
33.3 per cent; Svensgaard, 87 per cent. Fredet can palpate it only 
“rarely” and Straehauer “very rarely.” According to Ramstedt the 
palpation, for anatomic reasons, is possible only in very lean subjects: 
ordinarily the pylorus is located near the spine, behind the liver and 
under the cover of the antrum and stomach. Moreover, it has been 
claimed that the pyloric tumor changes its consistency from time to time 
(Ibrahim and Wemstedt) ; others deny the presence of this phenome- 
non (Heile and Ramstedt), but if it should exist, it could further in- 
crease the difficulties of palpation. There has been a great deal of dis- 
cussion about the question of whether or not the palpation of the pyloric 
tumor is a requisite of diagnosis. Since the success in demonstrating 
this sign depends upon so many subjective factors one cannot insist on 
its presence for a positive diagnosis. When it is pi'esent, however, its 
significance is virtually pathognomonic. In the literature, instances in 
which a pyloric tumor was with certainty felt before, and found absent 
during, operation are quite rare (Downes and Ramstedt). It is, fur- 
thermore, evident that with increased experience and with a great deal 
of patience, the successes in palpating the tumor can be raised to about 
80 or 90 per cent. Since a positive assurance that the tumor is present 
makes further investigations dispensable, one should attempt to demon- 
strate it, by all means. The diagnosis, however, can be ascertained by 
other methods, should one be unable to do so. We have been able to 
demonstrate the thickening of the pylorus in 56.0 per cent of the cases. 

On account of the persistent vomiting, after a varying length of 
time, profound metabolic changes appear in the infant’s organism. The 
most conspicuous of these is the redaction of the volume of feces and 
urine, frequently noted by the parents themselves. The scantiness of 
feces, which are greasy and consist mainly of bile, pancreatic juice, 
mucus and epithelium, is, of course, due to the lack of food entering the 
intestinal tract and is commonly taken for constipation, a symptom 
reported by the mother in about 90 per cent of the cases. In a small 
proportion of cases (Uhr) a spurious, “hunger” diarrhea may develop 
caused either by profuse intestinal mucosal secretions or by the moth- 
er’s attempts to overcome the apparent constipation. The oliguria is 
merely another expression of the dehydration which is manifest in the 
entire appearance of the baby. 

The most important metabolic changes take place in the blood chem- 
istry. The extensive studies of Selinohr, Seckel, Maizels, and others 
have demonstrated that the continuance of the vomiting as the disease 
progresses leads to a severe ehloropenia (serum Is a Cl 350 mg. per cent 
or less, Seekel) and that this, in turn, gives rise to alkalosis, azotemia, 
and hyposmosis. The hypochloremia may be of such degree that it 
brings about chloride depletion of the tissues (Sehnohr). A state of 
disturbed consciousness will eventually ensue, the so-called pyloric coma 
characterized — in addition to a mental stupor— by shallow breathing' 
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mn scalar hypertonia, and nontelanic convulsions. Findlay has ex- 
pressed the view that the fall of chlorides in the urine cannot be strictly 
correlated with the severity and duration of vomiting and that, in some 
way, perhaps by the action of a toxin, the chlorides become fixed in the 
tissues. No corroboration of this contention has come forth from other 
quarters. On the contrary, it is generally held that the blood chemical 
changes can be taken as an index of the severity of the disease and thus 
they are of great prognostic value. They would deserve more prac- 
tical clinical application than hitherto allotted. 


In addition to hypochloruria albuminuria, aeetonuria and glycosuria 
have at times been noted (v. Mettenheim). 

In our material, unfortunately, the blood chemical studies have been 
so sporadic as to preclude any conclusions. The common laboratory 
methods (urinalysis and blood counts) routinely used on our service 
yielded no distinctive diagnostic information. 

The final important consequence of vomiting, and usually the first 
one to cause sufficient alarm to suggest the necessity of a medical con- 
sultation, is the cessation of the normal gain in weight and, eventually, 
a loss of weight. Since one seldom has an accurate idea of the rate of 
gain of the infant prior to the onset of the disease, it is customary to 
compare the weight at admission to the birth weight in order to make 
an estimation of the magnitude of loss. This varies widely, but in a 
large proportion of the cases the admission weight will have fallen 
under the birth weight; e.g., this was the finding in 57 per cent of 
Tallennan’s patients. Strauss records the average loss from birth 
weight as 240 to 450 Gnu, while Svensgaard’s figures are 100 to 280 Gm. 
The general impression is that the weight losses observed in more recent 
times are less than those of former years, although accurate comparable 


figures are not available. Among our patients the average birth weight 
was 3535 Gm., the average admission weight 3597 Gm. 

In advanced instances of undernutrition the dehydrated, wasted in- 
fant with its collapsed lower abdomen and prominent, tense epigastrium, 
makes a striking and sad picture. In patients in poor general condition 


the temperature is usually subnormal. At times, however, temperature 
elevation may be present, generally ascribed to the disturbance of the 
temperature-regulating cerebral center (v. Mettenheim). 

Differential Diagnosis . — It is usually a simple matter to eliminate 
the possibility of infectious vomiting on grounds of (he absence of high 
\ \ dyspeptic stools, and an acute infectious disease. In the presence 
f tl’ typical findings just discussed (persistent, projectile vomiting, 

• 1 iJn ncristaltic waves, loss of weight, and palpable pyloric tumor, 
epigas 1 P ^ added the typical blood chemical changes and the 
to wlncr 1 * ,• t ; oU ) j there are few organic diseases of the abdomen 

presence o c in diagnosis (Ilipsley). The rare congenital 

that may re jorus aI1 d peripyloric region (vide supra) wili, as a 

anomalies of r - , hypertrophic stenosis, but such mistakes 

yule, be mistaken for true . 
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will result in no harm if surgical treatment is resorted to as indicated 
by the standard operative criteria. The same is true of the obstructive 
lesions of the duodenum (Ladd and Burt and Tyson). Moreover, these 
duodenal diseases frequently may be differentiated by the presence of 
bile in the vomitus, and almost invariably by means of radiographic 
studies. Yet there will be eases where only surgical exploration will 
yield the diagnosis (Burt and Tyson). 

It is not these lesions that create the commonest diagnostic problem 
but the symptom complex called pylorospasnr. By definition, pyloro- 
spasm is a form of pyloric obstruction due to a purely neurogenic 
dysfunction (presumably spasm) of the pyloric musculature. The diag- 
nostic criteria of this condition have not been very clearly stated but 
they appear to be (Shanley) : a transitory character- of tire obstruction, 
a less violent, less persistent and usually nonprojectile character of tire 
vomiting, less preponderance of involvement in tire male, later onset 
and, in general, a less malignant course. 

About tire relationship of this syndrome to organic pyloric stenosis 
the opinions are either sharply divided or noncommittally vague, Holt 
claims that this condition exists only as a transitory state, wholly in- 
capable of giving rise to a disease picture of importance. According 
to his view the vast majority of the instances labelled pylorospasnr 
are mild forms of organic pyloric stenosis. Mitchell supports this view, 
and Bamstedt and Halbertsma admit that true pylorospasnr is very 
rare. Orr the other hand Higgins, Tallenrran, Tisdall and others agree 
that a sharp distinction should be made between the two conditions. 
In general the French, British, and a part of the American authors in- 
cline to a differentiation of the two disease pictures, whereas in the 
German literature the distinction is much less marked. 

From this controversy one gains tire impression that the disagreement 
springs from an exaggerated and unnecessary delimitation of diag- 
nostic criteria. But for the abserrce of a palpable pyloric tumor, the 
signs and symptoms of pylorospasnr reveal no essential qualitative 
difference from those of organic pyloric stenosis; the distinction is 
merely one of degree. It has been already shown, however, that the 
presence of the pyloric tumor- is ofen difficult to establish and that 
therefore, it cannot he considered an indispensable diagnostic si»n. 
The hitherto puzzling phenomenon of the absence at operation of a 
pyloric tumor hr spite of the presence of all the other cardinal sign's 
and symptoms of pyloric sterrosis—a phenomenon considered the strong- 
est evidence irr favor of the separate existence of pylorospasnr can 

be explained logically in terms of tire modern concept of pathogenesis 
of pyloric stenosis ; one no doubt deals, in these cases, with earlyexanr- 
ples of the disease, when the process of hypertrophy has reached only 
a mild degree, or else the hypertrophic changes have already begun to 
regress. Thus, the conclusion is inescapable that if one" views the 
diagnostic criteria comprehensively, the differences between the two 
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conditions are so slight as to make the segregation of pylorospasm as 
a disease sui generis unwarranted. On the contrary, it seems likely 
that tills symptom complex is merely a milder, more benign form of 
the organic stenosis. In fact, progression of tills form into a more 
severe form with all the characteristics of organic pyloric stenosis has 
been observed (Uhr). Further, it seems probable that there are cases 
of transient vomiting caused by temporary pylorospasm, in the meaning 
of Holt, but by no means deserving classification as a disease entity. 
The differentiation between pylorospasm and pyloric stenosis is, there- 
fore, unnecessary from the pathologic point of view; it may, however, 
be well to remember the distinction between the two types of disease 
state from the therapeutic point of view since the benign form will do 
well on medical management (vide infra). 

Roentgenologic Characteristics . — The roentgenologist’s main diag- 
nostic problem has been the differentiation between pyloric stenosis and 
pylorospasm, or more precisely, the decision as to whether the case in 
question was a surgical or a medical responsibility. The conventional 
radiographic criteria (Lereboullet, Mouriquand, Vietlien, Contamin) 
have for some time been the dilatation and general atony of the stomach 
with intermittent hyperperistalsis and a great delay in emptying. In 
contrast, in pylorospasm the stomach is found to be normal in size, 
hypertonic, and of more nearly normal emptying time or with an all-or- 
none evacuation. Obviously, these differences are to be regarded as the 
different phases of the same process. As the modern etiologic concept 
sees it, the first group of changes represents a viscus that has undergone 
a series of compensatory changes and is now failing in function; it is 


an advanced phase of the process. The other series of appearances are 
characteristic of the stomach in the early phase; there is evidence of 
obstruction but with full compensation at work. As additional evidence 
to the operative indications, these criteria are very helpful, as shown 


by Calvin and Denenholz, who, by the evidence of 60 to 100 per cent 
three-hour retention, were able to diagnose the presence of pyloric 
stenosis in every one of 96 cases. Of the 20 cases we have studied 
radiographically, IS showed a three-hour retention of 75 per cent or 
more ° in 16 cases the retention was 90 per cent or more. Of particular 
interest was a case in which the three-hour retention was 35 per cent, 
m ncar iy normal; this case was a typical picture of surgical pyloric 
01 iQsis an(1 at operation displayed a well-developed pyloric tumor. It 
vt be noted further that in three instances, normal, and in one 
• S ^ ° increased, tonicity was found, and that three stomachs showed 

instance, ’ xr eve rth e iess, these viscera presented character- 

no increase in size. 

istic surgical findings. . . 

• r -Iuvps of the conventional radiographic signs, though rela- 
Sinnlar iai observed by others (Shanley). Andresen, Fri- 

tively few, hav . -\rpmvissen and Slooff, Kunstrom, and others have 
mann-Dahl, Jochims, Meuwi 
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demonstrated that the emptying time Is of secondary importance. Their 
findings may be summarized as follows: 

Under the fluoroseope no pei*istalsis can he seen in the region of 
the pyloric canal. The stomach shadow comes to a sudden end at the 
pylorus. At times a widening of the prepyloric segment to the right 
and downward is evident, so that the greater curvature descends to 
the antrum abruptly and vertically. In regular intervals, deep peri- 
staltic waves are noted as if caused by the sudden relaxation of the 
gastric musculature. The contrast medium must he gently pressed into 
the pyloric region; then it is possible to demonstrate the stifinglike, 
narrow, and elongated pyloric canal. Roentgenograms should be taken 
in an oblique diameter with the patient prone. The unfailingly typical 
roentgen evidence of the disease is afforded by the appearance of the 
pyloric canal which is four to five times its normal length and only a 
millimeter or two in width. 

■Whereas few critical voices have been raised against the accuracy 
of roentgen diagnosis (Findlay and Shanley), the opinions concerning 
the advisability of the practical application of radiographic methods 
are sharply divided. Heile, Lereboullet, Mouviquand and Weill, Rinvilr, 
Rohmer, and Strauss use roentgenologic examinations almost routinely 
and find them very useful or even indispensable. But Brown, Donovan, 
Ladd, Robertson, and Wyatt consider these examinations superfluous 
and even harmful. The usefulness of the method undoubtedly depends 
on many local factors. Where surgical treatment is routine, for in- 
stance, the x-ray investigation will be unnecessary for completing the 
operative indications ; one will operate in any case. On the other hand, 
if one tries to select the operative cases with the greatest care, and 
with the help of all available means of information, the radiogram will 
be of decided assistance. The alleged harm that may come from the 
ingestion of the barium meal is probably imaginary; it has never been 
actually observed. We have found the roentgenologic studies helpful 
in nearly every case, indispensable in a few, deletex-ious in none. 

TREATMENT 

'Medical . — The earliest modes of treatment of infantile pyloric stenosis 
were of course medical: frequent small feedings, modification of milk 
mixtures and milk substitutes, and lavage of the stomach in order to 
get rid of the decomposing foodstuff stagnant in the stomach. At times 
the early dietary measures appear astounding, even if not lacking in 
ingenuity. Fabricius Hildanus, for instance, ordered “meat- juice with 
olive oil” in place of the habitual “corn-pap. ’ ’ (It was a wise change, 
though, for this the first known victim of infantile pyloric stenosis made 
a nice recovery.) 

No fundamentally new therapeutic idea appeared until the latter 
part of the nineteenth century when Heubner introduced the use of 
hypnotics on the theory that the alleged cause, the spasm, would thereby 
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hj relieved; tinclnra opii and various papaverine compounds became 
the most popular of these. 

Apparently it was Striunpel who, in 1904, first tried out and ad- 
vocated atropine (in the form of tincture of belladonna) for the relief 
ot the spasm that was the generally accepted etioiogic factor. Tin's drug 
made slow headway in popularity and became widely used only after 
the 1920’s. 

In 1914, Birk described the beneficial effect of corn-meal mush as a 
substitute for liquids in the infant’s diet. Independently, Sauer, in 
this country, called attention to the usefulness of farina paste, at about 
the same time. The rationale behind these attempts to feed food of 
thick consistency was that thus a stimulus is supplied for the deficient 
peristolic function (gripping force) of the stomach (Rogatz). "Thick 
feeding” with the administration of atropine and juggling of the feeding 
schedule and milk modifications has become the standard conservative 
means of treatment in this country. The same plan with different sub- 
stances is used elsewhere in the world. Gastric lavage is still practiced 
by some but, in view of the better understanding of the blood chemical 
changes, it is discouraged, since it tends to aggravate chloride depletion. 

The most important innovation in the drug therapy of the disease 
in almost forty years was the application to internal treatment of the 
drug eumydrine by Drucker and IJsener of Copenhagen (1926). This 
methylnitrate derivative of atropine was originally proposed for use 
as a mydriatic (hence its name), but later it was found that it had the 
full internal action of atropine with only one-fiftieth of its toxicity. 
With its use remarkable results have been obtained. 

Here the pharmaeologie properties of atropine (and eumydrine) and 
its possible mode of action in infantile pyloric stenosis may be briefly 
considered (McSwiney and Vertue). The pyloric sphincter is normally 
closed. When a wave of contraction starts in the pyloric antrum the 
sphincter relaxes and remains open for five to six seconds. About a 
second before the wave reaches its summit the sphincter closes again 
and stays closed during the remainder of this wave and afterwards 
until the next. These movements are governed by the intrinsic nervous 
system. The opening and closing can he influenced by local events 
(acidity and osmotic pressure of the gastric contents, and intraduodomil 

■essure). The stomach has a double nerve supply: sympathetic and 
pl j. t (, e mechanism thereby governed is rather complex. Section of 
twari causes diminished tone, slow peristalsis, and delayed emptying. 

. \° f t j ie V agi usually causes dilatation of the pyloric sphincter 
Stunua the "tone and movement of the stomach; but if the 
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a general paralytic effect on nerve endings in the stomach. Given intra- 
venously to eats, it causes a general relaxation of the stomach, a fall in 
intragastrie pressure, and an arrest of movements. If one now presumes 
that the primary difficulty in infantile pyloric stenosis is the spasm of 
the sphincter, then medicinal doses of atropine (or eumydrine) must be 
blocking impulses to the sphincter without inhibiting peristalsis— a 
highly complex and difficult goal to attain. But if it be supposed to be 
an achalasia, the explanation is much simpler; the general relaxation 
in which the sphincter shares is reached before peristalsis is abolished. 

It may be added that the central depressant action of atropine may 
be of more therapeutic importance than is generally appreciated 
(Lehmann). 

There have been a number of other drugs employed in the treatment 
of infantile pyloric stenosis but none achieved any popularity: sub- 
cutaneous suprarenin, scopolamine, and hyoscine mixtures (so-called 
vasano), papaverine (Bokay) in combination with eumydrine, and a 
whole series of hypnotics. The application of the latter group was 
by some developed into the so-called twilight-sleep therapy, during 
which, the child may be kept unconscious for a number of days or even 
weeks. The central idea in the rationale of the use of cerebral depres- 
sants is the recognition of the fact that these infants present a high 
degree of nervous excitability, as propounded in Lehmann’s theory of 
pathogenesis. The presence of gastric hyperperistalsis caused by many 
superficial stimuli other than ingestion of food is one of the manifesta- 
tions of this state. Moreover, the extent and intensity of vomiting of 
these children are not direct functions of the degree of pyloric obstruc- 
tion; as Kamstedt has pointed out, in obstructing pyloric ulcer of tbe 
adult even the highest grade of obstruction will fail to lead to a picture 
similar to the protracted vomiting and excessive gastromotor irrita- 
bility that are commonly observed in the stenotic infant. (See also 
Haverschmidt and Bokay.) 

As curiosities one may mention the methods of treatment with x-ray 
irradiation (Wiener), diathermy (Tobler) and foreign-protein injec- 
tions (v. Mettenheim). 

In the early 1920 ’s, Gerstley called attention to the period of relative 
cessation of irritability immediately after a spell of vomiting. He 
advocated, therefore, refeeding of small amounts of food ten to fifteen 
minutes following the last attack. The method appeared to have merits 
in selected instances. 

Particular stress should be laid on the importance of subcutaneous 
and intravenous fluid therapy (including blood transfusions), which 
became widely used only in the early 1920 's, and, together with the 
improved hygienic conditions of the infants’ ward and the refinement 
of infant nursing care, has been the all-important factor in the produc- 
tion of the low mortality rates of the latter years. 
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Surgical.— History: The development of the surgical treatment of in- 
fantile pyloric stenosis lagged a few paces behind the general advance of 
surgery, perhaps because it required an extra measure of fortitude to 
put the knife to the feeble infant body. And since, as the most obvious 
line of attack, the early operators attempted to apply to the problems 
of the infant technical procedures devised for adults, the decision of 
making the trial had to wait until the value of the method had been 
established and the difficulties of technique overcome. Even thereafter 
the progress was slow. The story of the surgical therapy of infantile 
pyloric stenosis is a fitting illustration of the old truth that discoveries 
are seldom achieved by bold leaps but rather by short and faltering 
steps that as often slide back as stride forward but always tread the 
path smoother for those coming - behind. 

The first operation ever performed for the disease certainly cannot 
be regarded a step forward. Cordua of Hamburg, Germany, in 1892, 
performed a jejunostomy on a male infant sick with pyloric stenosis. 
The outcome was fatal. This type of operation was never again recorded 
in the literature. 


The next operative intervention, and at the same time the first one 
in the United States, was that of Willy Meyer who, in 1897, performed a 
posterior gastroenterostomy with Murphy button/ A few weeks later 
Stem of Gennany did an anterior gastroenterostomy. Both these cases 
ended fatally shortly after the operation. 

The credit for the first successful operation of any type must go 
to Lobker, a German, who in 1898 obtained complete cure with a pos- 
terior gastroenterostomy. During the subsequent fifteen years gastro- 
enterostomy, anterior in more severe eases, posterior if the patient's 
condition permitted it, became the most popular procedure/ From 
1897 till 1908, it was performed fifty-two times with a mortality of 59.6 
per cent (Abel, Dufour and Fredet). 

In the latter part of the nineteenth century the so-called “pyloric 
divulsion” of Loretta was a commonly employed operation for various 
types of pyloric stenosis in the adult. The main steps in its technique 
were the opening of the stomach and the introduction of a mechanical 
dilator with which, then, the constricted pyloric canal was f oi cibly en- 
larged. With the advent of pyloroplasty the procedure fell into dis- 
repute, but Nieoll of Glasgow applied it with some success to the treat- 
ment of infantile pyloric stenosis. Altogether, thirty-six such inter- 
ventions were reported by him and others until 1908, with an over-all 
mortality of 41.1 per cent. Nieoll later added a gastroenterostomy to 
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the divulsion, and his mortality with this combined operation (seven 
cases) was around 30.0 per cent. In 1906, he published the description 
of a so-called V-Y pyloroplasty in conjunction with the divulsion; he 
lost only one of the six eases in which he used this technique. It is 
worthy of note that in his report he, rather vaguely, mentions that under 
some circumstances (he failed to mention under what circumstances) 
the pyloroplasty must be made without opening the mucosa. 

Nieoll’s creditable results were not duplicated by others using the 
same method. The combined mortality rate in 113 cases in which all the 
methods so far mentioned were employed (reported up to 1908) was 
50.5 per cent. It was generally recognized that a good share of the 
responsibility for the high mortality had to be ascribed to the technical 
difficulties of the procedures. To simplify the intervention, Braun, in 
1900, introduced the use of the then rather new Heineke-Mikuliez pyloro- 
plasty (first performed in 18S7) for infantile pyloric stenosis. The 
technique attained some measure of popularity and its results were 
slightly better than those of the older methods. 

As used in the infant, however, pyloroplasty had decided disad- 
vantages. While generally recognized, these objectionable qualities were 
first critically analj’-zed bj r Fredet. He wrote (in 190S) : “Cette 
maniere de faire n’est pas, il faut l’avouer, sans ineonvenients. Bile 
oblige a ouvrir ime eavite septique, a sectionner la muqueuse qui saigne. 
II est malaise d’ assurer l’liemostase en faisant la suture de la muqueuse, 
difficile egalement d’obtenir une suture parfaitement etauehe.” Fredet 
undertook to eliminate tbe first two technical imperfections of the 
procedure (the opening of an infected cavity and the sectioning of the 
vascular mucosa with its danger of hemorrhage) by canning Ms longi- 
tudinal incision only as far as the submucosa, leaving the stomach un- 
opened. He then proceeded to suture the museularis transversely, in 
the standard manner. His first operation was performed on Oet. 12, 
1907. 

It invites speculation to note that he had in his grasp the solution of 
the third technical problem, the difficulty of closure of the hypertrophic 
muscle wall, but somehow he did not realize it. He describes in detail 
his inability to place accurate sutures into the muscle layers of the 
pylorus ; the excessive tension would tear the thread out. He was even 
obliged to leave a diamond-shaped area of submucosa uncovered bv 
muscle. Although in this case recovery was satisfactory, the idea of 
overcoming the difficulties of cross-suturing, required in the Heineke- 
Mikuliez pyloroplasty, by omitting the sutures was apparently too 
revolutionary to enter Ms mind. 

Fredet 's experiment was exactly duplicated by W. Weber in Germany. 
Weber, who was unaware of the work of Fredet, nevertheless evolved 
the same technique, and on Dee. 3, 190S, performed it with success. 
Of his next two cases thus treated, however, one died of hemorrhage. 
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This and Kausch’s severe criticism of the procedure, which followed 
Weber’s publication by a few days, were important factors in dampen- 
ing- the interest in the new operation. Kausch, then one of the high 
pi iests of German surgery, condemned the method in strong- words, 
claiming that the cross suturing, far from increasing the lumen of the 
pylorus, will aggravate the obstruction by folding the mucosal lining 
into creases. At any rate, the operation was not again reported upon 
until 1912, when Kamstedt* revived it with the addition of his own 
modification. 


He first performed it in September, 1911, following- Weber's technique 
step by step. (Fredet’s previous article was unknown to him, too.) 
He was impressed by the ease with which the edges of the wound in 
the muscular wall of the pylorus gaped and the submucosa bulged. The 
patient continued to vomit for a few days and in general had a hard 
time. Then suddenly the vomiting ceased and thereafter the infant 
made an excellent recovery. Ramstedt remembered Kausch ’s warning 
about the cross suturing of the thick muscle layer; he also recalled that 
the edges of the wound could be closed only under a great deal of 
tension. The sudden turn in the postoperative course could be explained 
in but one way, he thought: the sutures gave way, the wound righted 
its direction, allowing the edges to separate and the mucosa to protrude, 
as they had a tendency to do, and thus the obstruction was overcome. 
In the future the operation should be carried out in this, the only 
physiologic way, he concluded. On Jan. 18, 1912, he had an occasion 
to try this idea, and the patient in this case recovered smoothly. In the 
same year he reported his two operative cases, setting forth very clearly 
the rationale of his method and advocating it as the technique best suited 
to deal with the problem of infantile pyloric stenosis. 

There is little doubt that the popularity of the submucous operation 
takes its origin from Kamstedt’s first publication. Even for some time 
after this article had appeared, Fredet's and Weber’s work remained 
forgotten. It is only fair to remember this when one assigns credit for 
the invention of this operative technique. It is true that like so many 
other scientific discoveries, it was the product of an unwitting coopera- 
tion among at least three men,t but the greatest share of recognition 
still must go to Ramstedt. It is undeniable, for instance, that in bis 
original paper Fredet is vague about the operative indications of his 
submucous pyloroplasty; he himself continued to use gastroenterostomy 
the method of choice until 1921; for 'thirteen years after its first 
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tlf one keeps looking. n , 3 clinlo a submucous pyloroplasty was in use years 
rdins to Kausch. in “ „“eption of it. (It was so bad they never published it. h' 

asst? ifiiW 

J WniWue 1 - 
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description he did not use the submucous pyloroplasty at all ! In fact, 
it appears well established- that Predet took up the operation again on 
the spur of the growing popularity of Ramstedt’s procedure, as if re- 
learning it from the German, And Weber's work, as already mentioned, 
remained in complete obscurity. 

Some importance is lent to all this argument about priority of credit 
by the question of the designation of the operation. Kamstedt advocates 
the use of the term pyloromyotomy, an excellent suggestion. But in 
general it is the name of “Ramstedt’s operation” that has become ac- 
cepted, save in France where Fredet gets all the credit and Ramstedt 
is unknown. If one holds to the questionable habit of eponyms, Pralet- 
Ramstedt or Fredet-Weber-Ramstedt would seem to be the fair designa- 
tion to use. 

In the United States the beginning of surgical therapy of infantile 
pyloric stenosis was marked by the unsuccessful attempt of Willy Meyer, 
already quoted. To Biting belongs the credit for the first surgical cure 
of the disease in this country (1901). In the subsequent years the ex- 
cellent work of Scuddev, Richter, and Downes made gastroenterostomy 
the most commonly used procedure. These three surgeons had a com- 
bined mortality rate of slightly over 20 per cent (Downes), a very good 
record at the time. The introduction of the Fredet-Ramstedt technique 
by Downes (April, 1914)— first in conjunction with pyloric dmdsion, 
then in the classical form — marked the advent of a new era, in which 
American surgeons (particularly Donovan, Ladd, and Strauss) attained 
unsurpassed results. 

Surgical Versus Medical Treatment . — Before the intx’oduction of the 
Fredet-Ramstedt operation the surgical therapy of infantile pyloric 
stenosis was an ultima ratio physicorum, much as primary surgical inter- 
vention for bleeding peptie ulcer is today (Bauer). If everything else 
failed the surgeon was given a last chance to save the infant. Gradually 
the situation changed, and at present the topic of discussion concerns 
mainly the limits of the right of the surgeon to intervene. Both for this 
reason and because an occasional voice is still raised in condemnation 
of surgical treatment it seems desirable to review the respective merits 
of the surgical and medical methods of therapy. 

In such evaluations in the past, mortality statistics have frequently 
been resorted too. Raw mortality statistics should be be treated with 
great precaution in any case, and particular care is necessary in the 
ease of infantile pyloric stenosis. There are inherent and almost in- 
evitable factors in the medical and surgical series that tend to color 
the conclusions seriously. In clinics using both medical and surgical 
therapy (and these are in an overwhelming majority), the more severe 
cases will naturally fall to the lot of the surgeon. Thus the surgeon’s 
mortality rate will have a heavy initial handicap. This factor of dif- 
ference is only partly eliminated by the comparison of statistics from 
institutions using either exclusively medical or exclusively surgical 
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Table I 

Mortality in Surgically Treated Cases (Fr£det-Weber-Ram:stedt Operation) 


author’s 

NAME 


Still 

Bolling 1 - s 

Stracliaueri, g 

Barrinton-Ward 

Cl op ton 2 - 5 

Ileile 

Kolil 

McLeod 

Page’, o 

Sclioiibauer 

Hakki-Lericlio 

Paas 

Lanman 1 , 5 
Munting 
Nissen 
"Wiedhopf 
Odder-, 5 
Ramstedt 1 
Spameri, o 
Wallace 2 - s 
Decker 
Ee ltls, « 

Rohmer 
Thompson!, 5 
Vanden Berg 2 
Bodley 2 , s 
Header 2 
v. Hahereri, 3 
Fredet 
Kirschner 2 , 0 
McGahee 
Raiseh 2 , s 

Salmi 
Strauss 1 - 9 
Wamsteker 
Brown 1 
Lereboullefc 
Mouriquand 
Pouyanne 2 - 2 
Tallerman 
BodartG 
Wyatt _ 
Dijkliuizen 
Donovan 1 - 5 , 8 
Griep 
Ladd 1 - 5 
* Meredith 1 - 5 
Rinvik 

Robertson 1 ' 3 > 7 
Shanley 1 
Williams 
Levi 1 - o 
"Total 


COUNTRY 


England 

U. S. A. 

V. S. A. 
England 
V. S. A. 
Germany 
Germany 
England 
England 
Austria 
France 
Germany 
U. S. A. 
Germany 
Germany 
Germany 
Germany 
Germany 
Germany 
Scotland 
Switzerland 
Germany 
Fiance 
England 

U. S. A. 

U. S. A. 

U. S. A. 

Germany 

France 

Germany 

U. S. A. 
Germany 
Finland 
U. S. A. 
Germany 
U. S. A. 
France 
France 
France 
England 
Fi ance 
U. S. A. 
Germany 
U. S. A. 
Netherlands 
U. S. A. 

U. S. A. 
Norway 
Canada 
Ireland 
England 
England 


Yft. OF 

publi- 

cation 

NO. OF 
CASES 

NO. OF 
DEATHS 

MOR- 

TALITY 

(S6) 


29 

ii 

37.9 

1925 

454 

6S 

15.0 

1927 

4S 

1 

2.1 

192S 

79 

2 

2.5 

192S 

SI 

10 

12.4 

1930 

100 

3 

3.0 

1931 

6o 

5 

7.0 

1931 

13 

3 

23.0 

1931 

150 

15 

10.0 

1931 

17 

1 

5.S 

1932 

20 

3 

15.0 

1933 

41 

o 

5.0 

1933 

425 

27 

6.3 

1933 

5S 

7 

12.0 

1933 

50 

4 

S.O 

1933 

15 

2 

12.5 

1934 

42 

6 

14.0 

1934 

65 

2 

3.0 

1934 

27 

0 

0.0 

1934 

145 

36 

24.S 

1935 

10 

0 

0.0 

1935 

51 

2 

3.9 

1935 

34 

4 

11.4 

1935 

200 

30 

14.4 

1935 

34 

1 

2.9 

1930 

60 

1 

1.6 

1936 

45 

10 

22.0 

1937 

112 

S 

7.1 

1937 

54 

o 

3.7 

1937 

S9 

5 

5.G 

1937 

114 

13 

11.4 

1937 

33 

1 

3.0 

1937 

26 

S 

29.9 

1937 

431 

9 

2.0 

1937 

3(j 

0 

0.0 

193S 

41 

0 

0.0 

193S 

49 

1 

2.0 

1938 

32 

o 

o 

9.4 

1938 


1 

2.9 

193S 

PS 

14 

14. «> 

1939 

34 

G 

8.5 

1939 

100 

n 

«» 

3.0 

1939 

130 

7 

5.1 

1940 

410 

i 

0.U 

1940 

2S 

i 

5. 1 


1910 

1910 

1940 

1910 

1910 

1911 
1911 


040 

137 

05 

402 

22 

70 

140 


10 


0.5 

7.0 
10.9 
13 0 
11.0 

3.1 


3.399 


42S 


7.9 


.Incision : Ee« 
•Anesthesia, ether. 

33= ~r- 

‘Anesthesia, none. 


opening oC posterior rectus sheath. 
^Incision, right rictus, 
c MIdhne. 

’Right subcostal 

*310 consecutive camm without death. 
*1G? consecutive ca without death. 
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methods, since the number of eases obtainable from such sources is quite 
small. 

This leads to the next source of error: the set of diagnostic criteria 
employed. Whether or not one uses the term pylorospasm, one has 
ample evidence that there are mild forms of pyloric obstruction that 
do well on any careful conservative management. These cases, as men- 
tioned, seldom figure in surgical statistics. The diagnostic criteria of 
many medical reports, on the other hand, are so loose that it seems 
to be a certainty that a considerable proportion of the reported eases 
treated conservatively do not represent, for practical purposes, the same 
disease that most of the surgeons are called upon to treat. 0 For in- 
stance, Emberg, Mom-ad, and Svensgaard do not consider the presence 
of a palpable pyloric tumor or the x-ray appearance of the stomach at 
all important in making their diagnosis. Moreover, medical authors 
frequently exclude from their computations eases that they arbitrarily 
consider “hopeless” or dead of “causes other than pylorie stenosis.” 
The surgeon has to inelude among his failures every ease that fails to 
leave the hospital cured, although a considerable proportion of his 
fatalities are uonsurgieal (see Table VI). There have even been medical 
statistics computed on the end results after subtraction of those cases 
that had to be operated upon because of failure of the medical treat- 
ment. 

With all these restricting factors in mind, what can one learn from 
the statistics of mortality? 

In Table I there are listed the end results as to survival of patients 
treated with the Fredet-Weber-Ramstedt operation, or one of its modifi- 
cations, published in the more important reports since 1920. Cases 
described before 1920 were not incorporated in this compilation since 
either they were negligible in number or they have been included in 
later reports. Similar criteria were used in choosing the medically 
treated cases for Table II. 

It is evident that botli excellent and poor results have been obtained 
with either method of therapy, the mortality rates varying within fairly 
wide margins not only from country to country and irom period to 
period but also from author to author in the same time period and 
geographic rmit. Some sporadic statistics on conservative treatment 
(mainly from the Scandinavian countries) exceed all hut the best Amer- 
ican surgical results. The average mortality rates of the total number 
of cases studied in either group leave little to choose between the two 
methods. The fact, however, that all the factors of error tend to work 
in tire disfavor of the surgical statistics make it strongly probable that 
surgical management is superior to the medical mode of treatment as 
judged by the mortality rate alone. 

•Tina statement must be particularly true of the patients in Vertuc's cases that 
uere treated m the outpatient clinic. ^ cases tnat 
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Table II 


Mortality in Conservatively Treated Cases 


AUTHOR’S 

name 

COUNTRY 

YR. OF 
PUBLI- 
CATION 

NO. OF 
CASES 

NO. OF 
DEATHS 

ill 

* 

Hans 

U. S. A. 

1922 

40 

0 

0.0 

Ibraliim 

Germany 

1923 

400 

41 

10.2 

Meagher 

England 

192(3 

92 

3 

13.5 

SehelbJo 

Germany 

1926 

29 

0 

0.0 

Monrad 

Denmark 

1938 

223 

10 

4.5 

Bisehoff 

Germany 

1929 

46 

0 

10.S 

Kemkcs 

Germany 

1929 

31 

6 

19.0 

Wolff 

Germany 

1930 

92 

10 

99 

Paas 

Germany 

1932 

25 

1 

4.0 

Lindquist 

Sweden 

1932 

43 

s 

1S.6 

Behrinann 

Germany 

1933 

25 

4 

16.0 

Pa xen 

Sweden 

1933 

126 

S 

5.5 

Munting 

Germany 

1933 

66 

11 

16.6 

Willi 

Germany 

1933 

87 

5 

5.7 

Eekardt 

Germany 

1931 

46 


6.5 

Eckstein 

Germany 

1931 

02 

17 

18.4 

Svensgaarda 

Denmark 

1935 

119 

9 

5.0 

Vondenveidt 

France 

1935 

2S 

5 

17.9 

Braithwaite 1 

England 

193S 

21 

3 

14.3 

Dobbsi 

England 

1939 

20 

3 

15.2 

Vertuc 1 

England 

1939 

21 

0 

0.0 

Binvikt 

Norway 

1940 

72 

9 

2.9 

Total 



1.734 

154 

S.S 


‘Treated with eumydrine alone. 
^Treated in part with eumydrine. 


Table III 

Length of Hospitalization 


AUTHOR’S 

SURGICAL 

medical 

NAME 

(in days) 

(in days) 

Munting 

36 


70 

Paas 


42 


77 

Eckstein 

34 


91 

Eekardt 

45 


70 

Birk 


38 


78 

Rinvik 

27 


02 

Svensgaard* 

— 


94 

Wamsteker 

40 


79 

Average 

37.4 


78.4 

*Medical treatment alone. 






Table IV 




Comparative Mortality 

Kates 



IN Private and Hospital 

Cases 


==== ========== :;: 


! HOSPITAL CAKES 


NUMBER of 

MORTALITY 

NUMBER OF 

MORTALITY 

AUTHOR’S NA.UU 

CASES 

(per cent) 

CASKS 

(PER CENT) 



os 

1 7.S 
1*8 


36.1 
II U 
75.0 


r, i: 


■JO.i) 
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This fact, however, could not alone assure priority for the surgical 
method. If, for instance, Svensgaard’s results (in spite of all the 
possible sources of error therein contained) could be reproduced on a 
wide scale, his method of treatment would be preferable, provided it 
equaled the surgical type of management in other respects as well. 
For it is still a sound principle that, given equal prospects of success, 
the conservative management of a disease is the one of preference. Such 
medical results, however, require the utmost in expert nursing, in equip- 
ment, and medical attention. It appears an unquestionable fact that a 
true mortality rate of 5 per cent or less with purely medical measures 
is a harder task to achieve than a similar surgical mortality rate. Surgical 
management places a lesser strain on the resources of the average hos- 
pital than does medical therapy. Thus a socioeconomic factor enters 
the discussion and it favors the surgical type of therapy. This therapy 
has the further important advantage of offering a shorter period of 
hospitalization (Table III), which on the average is less than one-half 
that required by the medical method. (In our own series the average 
hospital stay was 14.8 days, with only one over thirty and five over 
twenty.) Not only does this mean less cost but also less opportunity 
for intercurrent infection. (The importance of this factor is well 
illustrated by Table IV.) 

The only sound conclusion from all these considerations is that, as 
usual, the best road lies in the middle. As formerly emphasized in this 
study, one must recognize the two main types of the disease: the mild 
one, eminently suited to conservative management, and the severe one 
that may, at the expense of much money, time, and patience, be carried 
through the critical first twelve weeks of life but would be cured by 
operation quickly and with at least no greater danger to life than the 
medical management entails. Shanley adds to these two a third group : 
one that is manageable either medically or surgically. The problem is, 
then, to make a wise selection and apply the suitable treatment. 

In any event, however, it is important to keep in mind that if surgery 
is to give its best result, the infant should not be canned along stub- 
bornly on a medical regime until its general condition so deteriorates 
as to make the operative risk prohibitive. Earlier operations have con- 
tributed to the prodigious improvement of operative results nearly as 
much as better preoperative preparation, the two being, in a sense in- 
separable (see Table V). 

Operative Indications . — The logical way of attacking the problem of 
selection is to make a trial with conservative management and if this 
fails within a determined period of time proceed with the surgical 
intervention. Kirsehner, v. Haberer, Heile, and Bamstedt institute 
medical treatment for three to four days and if this does not produce a 
definite improvement, recommend operation. Schmid operates if the 
child is in such poor condition that it cannot withstand a period of 
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Table V 


Decline of Mortality From Year to Year 


author's 

name 

PERIOD OF 
OBSERVATION 

NUMBER OF 
CASES 

mortality 
(per cent) 

Bolling 

1915-1920 

175 

17.1 


1923-1925 

130 

S.o 


1915-1923 

125 

10.4 

Lanmau* 

1923-192S 

150 

7.0 


1928-1931 

150 

2.0 

Ladd* 

1932-1935 

162 

4.9 


1930-1939 

177 

0.5G 


1914-1923 

SI 

24.4 

Bobertson 

1924-1933 

212 

13.0 


1934-1939 

109 

3.G 


"Repents from the same institution (Children’s Hospital, Boston). 


trial; if the three- to four-day period of medical regime is unsuccessful; 
or if, in spite of sjuiiptomatie improvement, after several days it is still 
impossible to introduce a sufficient amount of food to assure the 
resumption of weight gain. Lehmann starts with conservative measures 
in every case but advises operation if the loss of weight continues after 
six to eight days. Downes’ period of trial is ten days, provided the 
initial weight loss is less than 20 per cent of the body weight; in the 
latter case, operation is the method of choice. In seeming contrast Lan- 
man and Mahoney, Donovan, Strauss, and Robertson believe in operation 
for every case in which the diagnosis of hypertrophic pyloric stenosis 
has been made. Upon further consideration, this is not as radical as 
it appears. These men prepare their patients very adequately, there- 
fore they employ two to three days for conservative measures and since 
the large majority of the patients on conservative trial (at least SO 
per cent, Hunting) will be found to require operative treatment, only 
20 per cent or less of all the patients operated upon by the “all-out 
surgeons” would theoretically be amenable to a reasonably short medical 
regime. At any rate, these surgeons have the strong argument in their 
favor that the number of cases they take out of the pediatrician’s hands 
is small and they are the best risk of all. 

Our routine has been similar to that of the more conservative sur- 
a f+p,. a period of five to six days of the usual medical treat- 
Se °m S ' (hydrating measures, “thick feeding,” modified milk formulae 
ment ( 3 if necessar y, blood transfusion) the patient is operated 

atropm , ’ lofinite improvement of the symptoms has taken place, 

upon un ■ es , some ^ht gain. According to individual cases this 

preferably var y |j U t it has only twice been longer than ten 

period of tna ® e ‘ o£ ' 4.7 days. 

days, vriti p {.."indications . — Before the general acceptance of the 
Operative 00 ^ a legitimate mode of treatment, the most «; 

surgeon s _ wl th eilinJ ilrIne. 


coin- 


»We liave 


liad no experience 
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monly encountered contraindication to operation was the moribund con- 
dition of the patient. At the present it is rare to see this picture. One 
should not operate, also, in the presence of a severe infection, but occa- 
sionally exceptions must be made. In infants whose disease began at 
two months, and particularly three months, of age, conservative treat- 
ment is practically always successful; it may he said, therefore, that 
surgical intervention in most of these eases is unneeessaiy (Donovan 
and Shanley). 

Preoperative Prognosis . — The all-important prognostic criterion be- 
fore operation is, of course, the general condition of the infant including 
its state of nutrition, hydration, and general strength. It follows that 
the duration of symptoms before operation hears a direct relationship 
to the mortality rate. Thus, Goldbloom and Spence have found that 
the mortality of those infants that had had the disease for less than four 
weeks was only one-third that of the infants suffering from the disease 
for more than four weeks. Lawman and Mahoney, Tallerman, and 
McGahee arrived at exactly the same conclusion. The loss of weight at 
the time of operation is only another way of expressing the same fact ; 
the majority of observers, accordingly, find that the magnitude of 
weight loss is in linear relationship to the rate of mortality (Goldbloom 
and Spence: if weight of infant is below 7 pounds, the mortality ex- 
pectancy is three times higher than in infants weighing more than 7 
pounds) (Tallerman, 'Wallace and Wevill). In general breast-fed 
infants are in a better position to withstand the operation (Tallerman). 
Goldbloom ; s and Spence’s conclusions from the analysis of thirty-two 
postoperative fatalities was that an infant who has been hz’east fed, who 
has been ill for less than four weeks, and whose loss of weight is less 
than 20 per cent of its best previous weight has a mortality expectancy 
of zero. (It may be mentioned that formerly much was said about 
Quest's number; this was taken to be one-third of the birth weight of 
the infant, the loss of which was thought to foretell a sure fatality. It 
has been shown to be an unreliable criterion.) 

It has also been said that the prognosis is poorer the earlier after 
birth the first symptoms appear (v. Mettenheim, Seiche, Peer, and Lang- 
stein) . According to Heubner, infants whose disease shows a familial 
tendency do poorly. 

The number of our postoperative deaths is so small that our corre- 
sponding data cannot be correlated with the above findings. 

Preoperative Preparation .— The above conclusions sufficiently empha- 
size the obvious importance of restoration of the normal nutritional 
state of the body to as complete a degree as possible. The results of 
blood chemical investigations have clearly shown that the chief factors 
in the metabolic disturbance of the infant are the dehydration and 
chloride loss. Both can he readily corrected by saline or glucose-saline 
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infusions.* How profoundly these simple measures have affected the 
success of surgical treatment is shown by the fact that without excep- 
tion the great reduction of the mortality rates followed directly after 
the introduction and popularization of parenteral fluid therapy in the 
early 1920’s (Table V). It can be said without danger of exaggeration 
that this was as important a factor as the increase in surgical skill. 

Prior to operation, preferably on the morning of operation, the stom- 
ach should be lavaged. Repeated lavages, however, are to be discour- 
aged. Some prefer to leave a stomach tube in place (Donovan and 
Spamer), but. we find this unnecessary as a routine measure. 

Operative Technique . — In general, preoperative medication is seldom 
used (Bodley and Header). Shanley recommends seconal, Ramstedt 
luminal. We find no advantage in using it. The choice of anesthesia 
has been a somewhat debated point. Opinions are almost equally 
divided between open ether inhalation (Bolling, Donovan, Ladd, Mere- 
dith, Page, Raiseli, Ramstedt, Robertson, Straehauer, Thompson and 
Gaisford, and v. Haberer) and *4 or 14 per cent novocain local infiltra- 
tion (Bodley, Kirschner, Header, Oehler, Pouyanne, Shanley, Yanden 
Berg, Wallace and Wevill) ; a few use ethyl chloride (Robertson) or 
chloroform (v. Haberer, Kehl and Thomann) ; Spamer operates without 
anesthesia. The disadvantages of local infiltration are, in our opinion, 
somewhat more pronounced, namely, the danger of evisceration during 
operation, the possibility of novocain intoxication (Brown), reduced 
postoperative wound healing, and increased technical difficulty because 
of the restlessness of the patient. It is only very seldom that, in our 
days, one has to operate on a child so debilitated that drop ether inhala- 
tion will endanger its life. Brown has pointed out the very considerable 
danger of novocain intoxication by a simple arithmetic example. The 
introduction of 20.0 c.c. of (4 per cent novocain into a 5-pouiul infant 
is proportionate to the injection into an adult of 150 pounds of 600.0 c.c. 
of the solution. Our experience has been rather mixed, having used 
novocain local infiltration twenty-one times and open ether thirteen. 
During our last eight operations ether was the anesthetic agent. 


There have been three main types of incision used in the cases re- 
ported: high right rectus (Bodley. Bolling, Clopton and Hartmann, 
Donovan, Lanman and Mahoney, Oehler, Raisch, Straehauer, Thomp- 
son and ’ Gaisford, Wallace and Wevill). high midline (Bodart and 
Mathieu Kehl and Thomann, Kirschner, Page, and Spamer) and right 
Vbcosta’l (Pouvanne and Robertson). Meredith uses a right rectus 
incision but splits the posterior rectus sheath transversely. In our 
. fourteen incisions were right rectus muscle-splitting and twenty 
SellC 1 vh short midline. The latter type of incision is our personal 
were high mos( . important feature of the incision, however, is 

L ’ . tl , c efficacy of tills preparation It may In* mentioned 

. simple Illustration «h cenerally persistent vomiting, our patients reach* 

Vfn spte o£ tl.e var )7ve period "w‘l. a nothin of «cf K l.t (averse admission 

ftfend o P f the £ht *t operation 3.7 dm.,, 

weight 3597 Gm., 
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that it be high and short. A long incision only causes needless eviscera- 
tion, trauma, and shock without any gain in the facility of operative 
technique. 

The technique of the pyloromyotomy has been, in the overwhelming 
majority, the Fredet-Ramstedt procedure. The simple steps of this 
operation have already been outlined. A few additional facts may he 
here recorded, after the work of Browne on the anatomy of the hyper- 
trophic pylorus. One important feature of the vascular supply of the 
pylorus is that the superficial arterial branches fail to anastomose at 
the mid-point from their origin, thus the well-known “bloodless line” 
is formed. It is important to remember that two deeper vascular 
branches are almost invariably seen during operation : one, with its 
accompanying vein is found running across the duodenal end of the 
incision, just at the important fornix of the mucosa, to which it forms 
a very useful indication. The other deep vessel appears in the inner 
layers of the musculature towards the other end of the wound and 
occasionally causes trouble from bleeding. The generally emphasized 
rule to remember about the Fredet-Ramstedt operation is that it should 
he ample in length ; the right end of the incision should start about 1 or 
2 mm. short of the visible junction between the whitish, opaque, and 
solid pylorus and the bluish translucent and flaccid duodenum ; it should 
extend well into the pyloric antrum, curving upwards in its left third 
to follow the bloodless line between the superficial blood vessels. A 
mere exposure of the mucosa is not enough. At least one-half inch of 
it should be exposed in the middle of the incision and as much as pos- 
sible near each end. This is easy except over the zone of adhesions (as 
mentioned previously) where serosa, muscle, and mucosa split together 
or not at all. The landmark of the vessel described and the recognition 
of the annular constriction over the zone of adhesion will prevent injury 
to the duodenal mucosa here. 

In dissecting through the thick muscular wall various maneuvers have 
been used. V. Haberer and Kirschner cut with one sharp sweep of the 
knife until mucosa is met. (To facilitate vision, Kirschner used a spe- 
cially constructed loupe.) Bolling, Downes, Heile, and others deepen 
the cut about halfway through the muscle layer and thereafter continue 
with blunt dissection. Lanman and Mahoney, Donovan, and If a i. sell 
make the incision just deep enough to penetrate the peritoneal covering 
and complete the dissection with a blunt instrument, such as a pair of 
mosquito forceps. Fuchs uses small hooks to pry the edges apart after 
a shallow sharp incision. Robertson separates the lips of the wound with 
dissecting scissors. 

Among the modifications of the Fredet-Ramstedt technique the Strauss 
pyloroplasty appears to have been the most successful, at least in the 
hands of its inventor. Strauss dissects more widely around the mucosa 
and prepares muscle flaps which he unites above the mucosa. He claims 
that his eases show much less postoperative distress, mainly vomiting. 
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Pleile makes a counterincision into the pyloric wall, directly opposite 
the usual location of the incision. Mayo proposes to interrupt the vagus 
by excising part of the omentum in addition to the standard Ram- 
stedt maneuver. Gohrbrandt advocates the excision of a wedge-shaped 
piece of the hypertrophied muscular tissue in order to prevent rapid 
closure that might cause recurrence. Bodley turns a peritoneal flap 
to cover the wound. Seeger injects saline solution into the pyloric 
tumor to facilitate its dissection. Ombredanne, Raybaud (cited by 
Ramstedt) and AVolfson add a transverse incision to the distal end of the 
usual longitudinal one. In all these attempts at improvement the great- 
est value of the Fredet-Ramstedt procedure, its simplicity, is compro- 
mised without any increase in efficacy; the operation is merely made 
more cumbersome and time-consuming.* 

Knoflach has carried out extensive experiments on dogs with a view 
to determining the advisability of modifications in the classical tech- 
nique of pyloromyotomy. He found no procedure that could equal the 
advantages of the standard Fredet-Ramstedt operation. He particu- 
larly emphasized, as a result of his research, the importance of the loca- 
tion of the incision in the true longitudinal axis of the pyloric canal. 
If obliquely placed, he found the incision to close over too fast to per- 
mit a release of the obstruction. 


In our cases the standard Fredet-Ramstedt technique was employed 
with the exception of one case in which, because of complications in the 
technical steps, a resection of the pylorus had to he done. The infant 
recovered nicely. (There have been three other successful pyloric resec- 
tions for infantile pyloric stenosis reported in the literature. Matyas, 
Ritter, and Rupp.) 


The commonest complication during the operation is the injury of 
the duodenal mucosa. This has been reported rather frequently in the 
literature (Bodart and Mathieu, twice ; Bolling, five times; Kohl, six 


times; Lanman and Mahoney, three times; McLeod, four times; Nissen 
and Boecker, three times; Oehler, twice; Pouyanne, three times; Raisch, 
once; Robertson, “a few times”; and Strachauer, twice). The general 
agreement of opinion is that this mishap does not in itself jeopardize 
the operative result, provided it is recognized and adequately dealt 
with. A purse-string suture with some reinforcing Lambert s( itches is 
usually adequate to prevent leakage: it must be remembered that the 
superior duodenal wall, where (his accident invariably occurs, is rather 
flaccid and has little tendency to leak (Browne). Lamson proposes a 
nlastic flap, prepared from the muscular lips of the wound, to cover up 
th defect. ' The best way to treat this danger of technique is, of course, 
the r ,j on t j ie rationale of which has been pointed out repeatedly (vide 
^ re 'a) Once the pyloromyotomy is completed, it is wise to test for 

, in recent times the two obsolete nurslail procedures. Lorrt- 

,Tf is noteworthy „ ns i r oenterostomy. have been revlvid for use in the treu- 

ta’s pyloric n\ V ae 1S py”orio stenosis by For.miittl and v. .Uettenbeim. r>.i„.ctlvcly. 
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an accidental opening by gently pressing the stomach and duodenal 
contents toward the site of incision. Serious consequences are relatively 
rave in the literature (Robertson, Kohl, Lanman and Mahoney re- 
ported peritonitis resulting in death), but our experience is rather 
unpleasant with this complication. Among our cases the duodenum was 
opened in six instances. Of these, one patient made an uneventful 
recovery ; one required resection of the pylorus followed by a Billroth I 
type of gastroduodenostomy and developed a gastric fistula which healed 
in 37 days ; the third one developed a moderate wound infection, leav- 
ing the hospital in 28 days; the fourth became complicated by a duo- 
denal fistula, which eventually cleared up but required 24 days of hos- 
pitalization; the fifth one continued to vomit intermittently for about 
22 days from causes that apparently had no direct relationship to the 
duodenal accident; in the last one, the wound healed rather slowly and 
convalescence was sluggish but no direct effect of the mishap could be 
noted. In four of these cases, drainage was instituted — the only eases 
in which we did this — and these four did the least well, two of them 
developing fistulas. Briefly then, from our experience, accidental open- 
ing of the duodenal mucosa, even if recognized and repaired immedi- 
ately, forecasts the probability of a stormy postoperative course, par- 
ticularly if drain is used in closure, but does not seriously influence the 
long-range i*esults or mortality rate. 

As a complication encountered during operation one may also men- 
tion the failure to find a pylorie tumor. The etiologic and diagnostic 
implications of this phenomenon have already been discussed. The 
absence of the pyloric tumor should not preclude the performance of 
the Fredet-Ramstedt operation. These cases invariably manifest severe 
and typical preoperative symptoms, frequently entirely refractory to 
medical measures. Downes (two eases), Ivirsehner, Lanman and 
Mahoney, Mouriquand and "Weill (two cases), and Thompson and Gais- 
ford found a dramatic improvement after the carrying out of the typical 
pyloromyotomy. Although Higgins warns against any operative pro- 
cedure on the pylorus in these cases, there can be little doubt that the 
easiest course is to carry out the pyloromyotomy, except in cases where 
the diagnosis was questionable, cases that should not as a rale come to 
the operating table in any event. V. Mettenheim goes as far as advocat- 
ing pyloromyotomy for certain cases of a pure “gastrospasm,” that is 
persistent vomiting without organically demonstrable pylorie change. 
(Of course, in all such eases one must exclude the possibility of some 
other organic lesion by careful exploration.) 

There has been slight variation in the technique of closure as reported 
in the literature. All authors insist on careful suturing in layers. About 
the only important exception to this is Lee’s practice, who uses through- 
and-through inabsorbable sutures: he claims that his postoperative 
wound healing has been much improved by this method. The suture 
material has been catgut in all instances where mention is made of it 
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with, the exception of Ladd, who uses silk. Some (Olopton and Hart- 
mann) use inabsorbable suture material for stay sutures while using 
catgut for the rest of the closure. We close in careful layers and have 
used catgut fifteen times and silk eighteen times (in one ease our record 
does not specify the suture material) ; for the past three years we have 
employed silk alone. Our number of wound infections was too small to 
be correlated with the suture material used. 

Postoperative Course and Treatment. — The majority of infants con- 
tinue to vomit to a lesser or greater extent for a short period of time 
after operation. In general this time is found to be around two to three 
days (Page). Hunting observed complete cessation of vomiting imme- 
diately after operation in only 28 per cent of his cases, and Eckstein in 
only 38 per cent of his cases. There have been various explanations 
proposed for this postoperative vomiting. V. Haberer, for instance, 
states that most of the cases manifesting this postoperative symptom 
show blood in their vomitus preoperatively; thus, the presence of mucosal 
lesions would be presupposed that require time for healing. Others 
claim (v. Mettenheim) that these infants are particularly excitable, 
i.e., in their cases the central nervous factor is particularly prominent. 
An explanation near at hand would be to presume that in these cases the 
pyloromyotomy was not complete enough. Prom the findings at reopera- 
tion reported by Frohlich, Gaisford, Hess, Hobel, Noetzel, and Sauer- 
mondt, Ramstedt argues that this is not the case. His explanation of 
the phenomenon of temporary postoperative vomiting and of the total 
failure of the operation to cure will be discussed briefly later. Dietrich 
contends that the kinking of the duodenum brought about by the dilata- 
tion of the body of the stomach which, consequently, assumes a lower 
position, is responsible for the postoperative persistence of vomiting. 
As Ramstedt points out, this must be a rare factor. Without looking 
for controversial reasons, however, and simply considering that most of 
these infants have been vomiting for three weeks or more before opera- 
tion one would expect that a period of readjustment will be necessary 
after the obstruction has been overcome. The rapidity of readjustment 
of the disturbed emptying mechanism is, in fact, surprising in the large 


majority of cases. 

Because of this period of readjustment it has been suggested by 
Faber and Davis that postoperative feeding be started twenty-four or 
forty ei"ht hours after the time of operation in order to provide a 
nhvsiolo'dc rest for the stomach. These authors claim to have shown 
. ‘ .j ? e is a reduction of motility of the stomach for two to five days 
1 f natively demonstrable by roentgenograms and fluoroscopy. The 
postop * ’ j feeding, however, has been questioned by all the 

soundness ***>*££ 'J- Rote . tsoll) . mlmml is 

most expen ^ ^ sooR after operation, the interval varying from a 

resume feeding . Exception should be made in cases of per- 

few minutes to oi ^ where the feeding schedule may preferably 
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The composition of the diet fed postoperatively varies widely. Modi- 
fication of cow’s milk, breast milk, whey, and combinations of these are 
used. The important principles are the very gradual increase in amounts 
and the careful selection and timing of the new articles introduced. 

The usual supportive measures (parenteral fluids, blood transfusion, 
etc. ) are now universally used. It is also a universal practice to entrust 
the regulation of the postoperative feeding to the pediatrician. 

Almost always after the surgical intervention a moderate tempera- 
ture elevation is noted (Hunting, Rohmer, and Strauss), which is a 
more accentuated counterpart of the similar finding in adults and which 
subsides in two to three days. It is more pronounced than in the adult 
probably because of the differences in the physiologic response. 

In our series the vomiting ceased gradually on the second or third 
day in the largest number of cases (57 per cent). In one ease vomiting 
never occurred postoperatively, and in one after the eighth postopera- 
tive hour ; in five, it stopped during the first twenty-four horn’s ; in two, 
within four days; in one, within five days. One patient continued to 
vomit for ten days, one for twenty-two days and one for twenty-three 
days. In twenty-three of our cases (excluding the fatal ones) there 
was a postoperative temperature elevation of 100° P. or more. This, 
however, was higher than 102° in only seven cases and only in one in- 
stance did it last more than two days. The average discharge weight 
was 3968 Grn., which signifies an average postoperative gain of 221 Gm, 
Postoperative Complications. — Causes of Death: The postoperative 
complications directly attributable to the surgeon’s intervention are 
peritoneal infection, wound infection and wound separation, hemorrhage 
from the pyloric or abdominal wound, anesthetic complications, shock 
and such intra-abdominal complications as adhesions or volvulus (Ram- 
stedt). In the same group one should also include deficient postopera- 
tive results, but these will be discussed under a different heading. 

In analyzing these complications, it should be borne in mind that no 
accurate figures are available in the literature in regard to their milder 
forms and that whatever figures are quoted are taken from mortality 
statistics. 

Peritonitis is more common than the reports on the incidence of duo- 
denal perforation would lead one to expect. Obviously, either a large 
proportion of the accidental injury of the duodenal mucosa is not recog- 
nized or some other, as yet unidentified, source of infection must be 
responsible. Peritonitis in these infants is always fatal ; it forms about 
10 per cent of all the postoperative fatalities. 

It has been many times noted that wounds in stenotic infants, al- 
though in general not especially prone to develop severe infections have 
a tendency to imperfect and delayed wound healing, with thin serous 
drainage and stitch abscesses (McGahee). Thus, evisceration or simple 
wound disruption lias been reported in higher percentage of these eases 
than of other surgical procedures in infants (Bodley, Lanman and 
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Mahoney, Page, and Rohmer). The obvious reason for this behavior has 
been suggested to be the poor nutritional state of the infant. Ladd 
believes, but is unable to quote quantitative proofs, that the blood 
vitamin C level must be subnormal in these infants and recommends 
prophylactic administration of this substance. That adequate preopera- 
tive preparation of the infant has an important bearing on the occur- 
rence of wound disruption can be gathered from its markedly lower 
incidence in the more recent reports. In this connection it should he 
mentioned that postoperative hernias are quite rare in these patients 
(Bolling). 

Many authors (v. Haberer and Ladd) consider postoperative hemor- 
rhage the most dreaded complication. The bleeding may take place 
from the pyloric incision (Bolling) or from the abdominal wound 
(Mouriquand and Weill, and Bolling). Painstaking hemostasis in the 
wall of the pyloric canal has been insisted upon by these surgeons, al- 
though others believe that if the incision is properly placed the danger 
of bleeding, is negligible with no hemostasis whatever (Browne and 
Meredith). In any event, postoperative hemorrhage is an important 
cause of death, being responsible for about 5 per cent of all postopera- 
tive deaths. 

Anesthetic complications, postoperative pneumonia and pulmonary 
atelectasis, following pyloroinyotomy often are not purely surgical mis- 
fortunes. As has been pointed out repeatedly, this operation is such a 
light procedure that it taxes the infant’s physical resources only slightly 
(Lanman and Mahoney, Bodley, Thompson and Gaisford, Wyatt). In 
the large majority of cases a greater share of the responsibility must be 
referred to the debility of the child caused by preoperative delay or 
lack of preparation. These complications form the largest single source 
(about 10 to 15 per cent) of fatalities in the large early collections of 
cases. 

Much the same argument holds true for postoperative shock. Its fre- 
quency as cause of death was about on par with or slightly below that 
of postoperative pulmonary complications. 

Postoperative adhesions, volvulus, or other forms of intestinal ob- 
struction are rare. Their incidence has not apparently changed with 
the changing results of operative treatment. 

The not strictly surgical complications after pyloroinyotomy are 
o" troenteritis and terminal inanition, also called decomposition or 
" aS } - A comparison of these postoperative mishaps with the true 
aU *A>al complications yields interesting conclusions. In Table VT the 
surgic collection of fatalities (Ramstedt) is grouped in three 

largest l contains the so-called nonsurgical causes, i.c., those 

classes. 1 or i<ri n in the debilitated general condition of the 
that have 1 int - aIlt s were practically moribund when they reached the 
infant, these g lvU j, 2 are comprised the causes that are partly 

operating tal) e - j nso f ar as pulmonary complications are concerned— 
surgical at teas i 
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Table VI 

Causes op Death in W3 Surgically Treated Cases 
(Bamstedt) 


GROUP 


NATURE OP CAUSE OP DEATH 


NUMBER j- pER CE xT) 
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50 


40.5 

24.5 
35.0 


rTr?S?Ss 

g“f is [ e infants’ wards bears this ont clearly. If one now makes an 
Angnsh imams ^ calculation one can make, 

approximate J al « u J^on, and^uch fatalities aTe ulti- 

mately due ^ledical causes. This fact throws fresh light on the 
deS about the respective merits of the surgical and medical types of 
treatment on grounds of mortality statutes (vide supra) 

In analyzing postoperative complications and causes or death t m 
Mil to remember that, properly speaking, the d. miasma should be 
largely in the past tense. The picture has so radically changed in the 
2 ten years that the figures quoted above, and used because they are 
to 'only available ones, hardly apply to presen conditions. The only 
inoperative complication that has remained relatively unaltered nr its 
?™S«cy is infection (peritoneal and of the mound), but even rufec 
r L lost much of its importance as a lethal factor Because of the 
Snged operative indications, because of to realization of the impure 
tocc of preoperative preparation, and because of to improved hygiene 
of to infants' ward, to medical causes of postoperative complications 
have become markedly .educed. Besides infection, the only operative 
damEers of consequence the infant new faces are shock, pneumonia, and 
technical mistakes, a minimum of which will pcisist by reasons inherent 
in the very nature of surgery. 

Among our own patients, in two instances (7 per cent) moderately 
severe wound infection developed but no wound disruption occurred. 
Mild wound infection (i.e., stitch abseess) was noted in nine instances 
(32 per cent). AVc practice careful hemostasis throughout, and perhaps 
for this reason have had no postoperative hemorrhages. There a ere 
two fatalities (mortality rate 5.9 per cent).* One of these patients was 

♦Recently another successful case has been atl<3c<3 to this series, changing the opera- 
tive mortality to 5.8 per cent. 
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operated upon in the presence of an evident severe respiratory infec- 
tion and died in twenty-four hours, of bronchopneumonia. Autopsy left 
no doubt that the pneumonia had been present when the operation was 
undertaken. Operative intervention had, however, been considered the 
lesser of the risks. The other lethal case was one of a purely surgical 
death — peritonitis on the fifth postoperative day. During operation no 
viscus had been perforated and this fact was confirmed by the necropsy 
findings. 

Operative Results .—' The worth of an operation can be measured by 
the double standard of immediate and late results. 


In judging the immediate results of the Fredct-Ramstedt operation it 
would be desirable to proceed on the basis of some definite criteria of 
success, but, unfortunately, such criteria have never been established 
and, indeed, are probably impossible to define. The data most gen- 
erally accepted as denoting success are the cessation of weight loss and 
resumption of gain of weight within a resoiiably short time postopera- 
tively; conversely, when this fails to take place, the operation is a 
failure. Although this length of time varies widely, in some cases per- 
haps embracing such a long period that the point of beginning of im- 
provement may fall outside the limits of true operative cure, one must 
accept the judgment of the surgeon who is called upon to decide whether 
a secondary operation is necessary. When the surgeon acknowledges 
that reoperation is indicated, he recognizes that the first operation was 
a failure. By tin's standard, then, all patients who survive without 
reoperation are taken to he successes. This index of operative success 
is broad hut fairly reliable, and it is the only one available. In assessing 
the number of reoperations one must exclude the cases of gross and 
obvious technical error and the cases of mistaken diagnosis not recog- 
nized at the time of the first operation. The gross rate of reoperation 


will thus be about 3 per cent, with a corrected incidence of about 2 per 
cent (Frohlich, Gaisford, Hess, Lanman and Mahoney, Nobel, Notzel, 
Pam; Bamstedt, Rinvik, Sauermondt ) . The rate of immediate satis- 
factorv results of the Fredet-Ramstedt operation is, therefore, 97 to 98 
per cent, less the number of operative fatalities which at the present 
time can'be placed between 1 and 2 per cent. This is a result unexcelled 
bv any other major operative procedure. 

' t j,j s j lin eture the question arises. What is the cause of the failures 
not accounted for hv gross technical error and error in diagnosis? 

T ' the absence of definite knowledge with respect to the cause and 
ncsis of infantile pyloric stenosis, the answer must he one of 
P alU ° . ‘ Yaking into consideration all the etiologic possibilities, the 
specua ion. < • ition ninv j iavc its point of attack on any one or 

Fredet-I am f(jur anatomic planes: (1) the sphincter pylori; 

more of the , rf , nusl . u l a ture of the pyloric canal; (3) the nerve 

(2) the hvpei i 1 ^ ^ ^ ( | 1C p V i 0I -ie canal and perhaps also in the 

pathways in 10 ‘ ... [| lt , sll bmueosa and mucosa (by permitting 

sphincter itself; am 
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their full unfolding). The opinion is practically unanimous that the 
effect on the mucosa ancl submucosa is of secondary importance. Like- 
wise, there is general agreement in regard to the great importance of the 
completeness of the section of the hypertrophic pyloric musculature. 
The advice is constantly stressed that the incision should be earned 
high on to the gastric wait, as close to the boundary of the duodenum 
as practicable, and as far down as the level of the submucosa. (Un- 
questionably the “gross errors of technique” mentioned above result 
from the disregard of these cautious.) Curiously, however, many sur- 
geons (Hess, Nobel, Notzel, Bamstedt, and Sauevmondt) have remarked 
that at reoperation the incision in the pyloric wall is usually found 
ample in terms of gross anatomy. Them would, then, remain two pos- 
sible explanations for the initial failure. One would he the assumption 
that the nervous pathways involved in the causation of the disease have 
not been adequately severed. It does not, indeed, seem unreasonable to 
postulate that the disruption of some as yet unidentified nerve fibers has 
some hearing on the operative result, although the exact nature and 
the precise extent of this relationship is not at all clear. It is less com- 
patible with logical thinking, however, to accept the intaetness of these 
hypothetical nerve paths as the sole and full source of the persistence 
of plyoric obstruction. Much more in keeping with sound reasoning is 
the second possible supposition, i.e., that in a certain proportion of 
cases the sphincter pylori is not included in the pyloric incision. Tiiis 
structure, it will be remembered, does not partake in the hypertrophy of 
the pyloric musculature ; its location thus becomes rather hidden and its 
proper cleavage is made the more difficult owing to the dangerous “zone 
of adhesions” directly adjacent to it. Proceeding on the theory of 
Lehmann, it may he presumed that the unsectioned sphincter will con- 
tinue to offer resistance to passage through the pyloric opening-, al- 
though to the naked eye the separation of the hypertrophic muscle 
bundles appears sufficient. In discussing the problem of operative fail- 
ures Ramstedt likeuvi.se considers the accidental omission of the sphincter 
from the incision as the important factor. However, not subscribing 
fully to Lehmann’s theory, he assumes that this omission, which he be- 
lieves to be very common, is of no consequence in the majority of cases - 
occasionally, though, it will lead to a persistence of the preoperative 
symptoms. In support of the interpretation according to Lehmann’s 
theory one may mention further that a second operation, which invaria- 
bly consists of an enlarging of the original incision and thus affords a 
better opportunity to sever the sphincter, as a rule results in prompt 
relief of the symptoms. 

The role of central nervous factors in the evolution of the disease 
picture of infantile pyloric stenosis must be borne in mind when dis- 
cussing poor operative results. In a very few eases these may presum- 
ably lie so preponderant as to preclude the possibility of complete cure 
by mechanical means alone. 
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operated upon in the presence of an evident severe respiratory infec- 
tion and died in twenty-four hours, of bronchopneumonia. Autopsy left 
no doubt that the pneumonia had been present when the operation was 
undertaken. Operative intervention had, however, been considered the 
lesser of the risks. The other lethal case was one of a purely surgical 
death- — peritonitis on the fifth postoperative day. During operation no 
viscus had been perforated and this fact was confirmed by the necropsy 
findings. 

Operative Results . — The worth of an operation can he measured bj r 
the double standard of immediate and late results. 


In judging the immediate results of the Fredet-Ramstedt operation it 
would be desirable to proceed on the basis of some definite criteria of 
success, but, unfortunately, such criteria have never been established 
and, indeed, are probably impossible to define. The data most gen- 
erally accepted as denoting success are the cessation of weight loss and 
resumption of gain of weight within a resonably short time postopera- 
tively; conversely, when this fails to take place, the operation is a 
failure. Although this length of time varies widely, in some eases per- 
haps embracing such a long period that the point of beginning of im- 
provement may fall outside the limits of true operative cure, one must 
accept the judgment of the surgeon who is called upon to decide whether 
a secondary operation is necessary. When the surgeon acknowledges 
that reoperation is indicated, he recognizes that the first operation was 
a failure. By this standard, then, all patients who survive without 
reoperation are taken to be successes. This index of operative success 
is broad but fairly reliable, and it is the only one available. In assessing 
the number of reoperations one must exclude the cases of gross and 
obvious technical error and the eases of mistaken diagnosis not recog- 
nized at the time of the first operation. The gross rate of reoperation 


will thus be about 3 per cent, with a corrected incidence of about 2 per 
cent (Frohlich, Gaisford, Pless, Lanman and Mahoney, Nobel, Notzel, 
Pa°-e Ramstedt, Binvik, Sauermondt). The rate of immediate satis- 
factory' results of the Fredet-Ramstedt operation is, therefore, 97 to 98 
per cent, less the number of operative fatalities which at the present 
time can be placed between 1 and 2 per cent. This is a result unexcelled 
by any other major operative procedure. 

' 4t this juncture the question arises, What is the cause of the failures 
nat accounted for by gross technical error and error in diagnosis? 

T the absence of definite knowledge with respect to the cause and 
" sis of infantile pyloric stenosis, the answer must lie one of 
P at l ° . ‘ Calvin 0 " into consideration all the ctioloarie possibilities, the 
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The long-range results of plyoromyotomy can he studied in the 
numerous follow-up investigations made with the view of determining 
the presence or absence of possible etiologic factors. The conclusions of 
these extensive works of research are in general agreement (Mourn 
quand and Weill, 0 elder, Rinvifc, Runstrom, Schlesinger, Strauss, Uiir, 
Wamslcker, and Wyatt) that, by practically all standards of testing, 
these patients arc, in their later life, as normal as any comparable group 
of persons from the general population. Certain roentgenologic signs 
persist to indicate the site of the former abnormality (Runstrom, Yie- 
then, and Andresen), hut even these tend to disappear after puberty 
and, in any event, have no apparent clinical significance.* 

Among our own eases, the immediate results consisted of thirty com- 
plete cures, one partial cure, and one failure (exclusive of the two fatal 
eases). A reoperation in the partially cured case brought about a very 
satisfactory permanent result. The instance of failure was probably the 
effect of mistaken judgment. This patient had a history of over a year 
of persistent vomiting, refractory to all forms of conservative manage- 
ment. Operation was undertaken as a long-chance attempt to help him. 
A rcoperation elsewhere was also unsuccessful. As the child grew older 
it became evident that be was feeble-minded and what had been taken 
for persistent vomiting had in fact been rumination. f 


summary and conclusions 

On grounds of the pertinent literature of the past fifty years — with 
special attention paid to that of the past twenty years— and with the 
help of the clinical analysis of thirty-four cases treated in the division 
of general surgery of the Henry Ford Hospital, ihe problems of etiology, 
symptomatology, and diagnosis of infantile pyloric stenosis have been 
briefly surveyed and its surgical treatment more exhaustively discussed. 

From the best evidence extant it appears that infantile pyloric 
stenosis is probably the result of achalasia of the sphincter pylori. The 
„ voss pathologic lesion represents a form of work hypertrophy of the 
musculature of the pyloric canal. Strong secondary central nervous 
factors play a part in the coloring of clinical manifestations. There is 
stron^ evidence that in the etiology of the disease a hereditary factor 
1 "an important part. The preponderance of males, first-born in- 
f ts and members of the so-called Nordic races among (lie patients is 
real but its etiologic meaning is not understood. 

-Persistent forceful vomiting, palpable pyloric swelling, visible peri- 
, . fhp stomach, loss of weight, hypochloremic, by pochloruria, 

stalsis o thc car dinal findings. Of these only the palpable 

and obst ^ moi , has pathognomonic significance, hut it is frequently 

py ]01 

absent. I;ite resu xta of cases managed by medical means arc 

As to 



RECENT ADVANCES IN SURGERY 


809 


POSTOPERATIVE FEVER: 

Exclusive of fatalities: 

Temp, of 100° F. or more 
m 23 cases 

Of these, only one longer 
than 24 hr. 

Temp. above 102° F. m 7 
cases 


Syn opsis — Coat ’d 

CESSATION OF VOMITING: 
Exclusive of fatalities: 


Immediately P. O. 1 
8 hr. P. O. 1 

24 hr. P. O. 5 

2 to 3 days P. O. IS 

4 dajs P. 0. 2 


5 oi inoi e dajs P. 0 5 


LENGTH OF POSTOPFRATIVE 
HOSPITALIZATION : 

Mean 14.S dajs 

Five Moie than 20 i! a v s 
One 3Ioie than 30 dajs 


OPERVTIVE RESULTS; 

Complete cuie 30 cases* 

Reopeiation ncccssaiy 2 cases 

One: Here with complete euie 
One: Elsewhere with poor result 
(Diagnosis piobahly incoiiect) 

Deaths 2 cases 

1 Peutomtis fifth postoperative day 

1 Ba. pneumonia 24 hr. postopeiatuelj 


SUMMARY OF STAY FINDINGS (20 CVSES) 


Tone: 

Hypo 9 

Normal 3 

Hyper 1 

No data 7 


Size: 


Large 

7 

Normal 

2 

Small 

1 

No data 

10 


Peiistalsis: 


Hypo 9 

Normal 3 

Hyper 4 

No data 3 

Reverse 1 


3 hour retention : 
90% or more 16 


S0% 1 

75% 1 

00% 1 

30% 1 
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FouitU week 
week 
Sixth week 
Set oath week 
g'ffhfli week 
A r o data 

WSSOCtATtl) KJ.SEASrS; 

Sue ’tfiT “S”*"" 1 h « 
One impetigo 

iwf.m . e pyloric 

TUMOR"; 


Synopms— Coxt’b 


3 

0 

1 


ilia 


f'KOjf CTILE \0MITJX0.- 

Dieseii t 
Absent 
A r o data 

nt-oon in vojtirus; 


Present 
Absent 
No data 


37 

d 


Present 
Absent 
No data 


.10 


3 d 


incision : 

P'giit reetus lt 

Epigastric nudhne o 0 

Of fast 22 cases onh- 
° "gilt reetus 


SUTUllE MATEatVO; 

Catgut 

Silk 

A T o data 

^used 3 * m ‘ ° nl - V sj)ic 


25 

IS 


VISIBLE GASTRIC ppr.j 
ST VLSIS: 

1 Present 
l Absent 
’ No data 

LEAGrff OP CONSERVlTt 

preoperative the a 

.WENT ; 

Mean 4.7 day 

Only two cases 
ov « r 10 day 

TYPE OP OPERATION: 

Fredet-Weber- 
Parastedt 33 

Be £ e ?, tlou Pjlorus, 
Dilirotli I, gas tty 
duodenostomy 1 

Wound infection: 
Superficial g 

Peep (but without 
separation) o 

(Excluding rases m 
"'lie 2i drainage was 
used and fatal cases) 


anesthesia ; 

Ftbei 

Focal — Novocain V>%) 

—Novocain 14 %\ 23 

In last 3 years.- Ethe, alone 

WOUND CLOSE RE: 

All in lny-eis 
Pour drained: 

3 - Duodenal perforation; 
r‘ u oden a l fistula— 

00 days ’ hospitalization 

2. Duodenal perforation; 
healing satisfaetoi) 

3 . Duodenal perforation- 
resectiou of pyloius; 
gastric fistula— 37 
days’ hospitalization 

d. Duodenal perfoiatiou; 
intermittent v o in 1 1 
mg for 22 days; final 
result satisfactory 

OPERATIVE FINDINGS : 

Typical appearances oi pylorus m 32 eases 
In one, uu Due pi lone swelling u., s present 
spasm. °* — -’ — -' ’ - 

In anotliei, fiyioius snoweu verv slurfir hvpcrtiophy 

as rumination 

POSTOPERATIVE course of 0 PVTIENTS WITH ucidfstvj 

MUCOS V ‘ 1 ‘T/ON of THE DUODENAL 

( 1 ) Uneventful recovery; postoperative stay 3,7 ,j.y fc 

( 2 ) Excision of pylorus; Billroth I, di.un.ige, mistrie n . ,1 

37 days. * ' ” Postoperative stay 

( 3 ) Slight wound infection, recovery otlieruise -mmofl,; postoper-if 

(i) Drainage, duodenal fistula; postoperative stay 21 daw 1 * ” e ~ S 
( 3 ) Drainage, slight seious drainage, otherwise healing s.,’t „r... 

22 s, * ** * /or 

(6) Wound healed well, no drain; vomiting subsided ([f(cr ., { ^ 


, OMLUAUIg- \\ ,l*J PreSPJlt 

n. Standard Fredet Webe. Bamstedt prJollZ? b ZZt$ m a,, , d ,,artl d »e to 
thei, pyloius showed very- slight hvpertionhv ' eomr ’fete eure. 

impiovement. This case was latci diagnosed as nun, n?i , otom 7 brought « 0 
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The fourth edition of this standard work gives evidence of its popularity. It 
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one if it were one-half as long. The latter half of the book contains little about 
the treatment of specific disorders which is not covered much more satisfactorily 
in standard reference work, but the earlier chapters dealing with the broader aspects 
of geriatrics are sympathetic and helpful. Every practitioner will be a better 
physician for having read the first twenty chapters. Until the degenerative lesions 
of senescence are much better understood than they are today, however, it seems 
extravagant to feel that geriatrics can be as useful a specialty as pediatrics. Cer- 
tainly, it has accomplished nothing as yet which permits comparison. 
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The Care of the Aged. By Mai ford TV. Thoivlis. Ed. 4, Pp. 589, with 35 P lus- 
trations. St. Louis, 1942, C. V. Jfosby Co. 

The fourth edition of this standard work gives evidence of its popularity. It 
is certainly the best book of its kind in English, but it would be an even better 
one if it were one-half as long. The latter half of the book contains little about 
the treatment of specific disorders which is not covered much more satisfactorily 
in standard reference work, but tbe earlier chapters dealing with the bToader aspects 
of geriatrics are sympathetic and helpful. Every practitioner will be a better 
physician for having read the first twenty chapters. Until the degenerative lesions 
of seneseenee are much better understood than they are today, however, it seems 
extravagant to feel that geriatrics can be as useful a specialty as pediatrics. Cer- 
tainly, it has accomplished nothing as yet which permits comparison. 


Books Received 

The receipt of books is acknowledged in this section and this treatment must be 
regarded as sufficient acknowledgement of the courtesy of the senders. Selections 
will be made for more extensive review dictated by the interests of our readers and 
as space permits. 

PHYSICAL DIAGNOSIS. By Cabot and Adams— F. Dennette Adams, M.D., 
Harvard Medical School. Cloth. Price $5.00. Pp. 8S8, with 39S illustrations. Balti- 
more, 1942, Williams and Wilkins Company. 

STANDARD NOMENCLATURE OP DISEASE AND STANDARD NOMEN- 
CLATURE OF OPERATIONS. By American Medical Association, Edwin P. Jor- 
dan, M.D., editor. Cloth. Price $3.50. Pp. 1022. Chicago, 1942, American Medical 
Association. 

DIAGNOSTICO DE LOS TUMORES ABDOMINALES, vol. 2. By Pablo 
L. Mirizzi, De Ciencias Medicas do Cordoba. Cloth. Pp. 1280, with 3S1 illustrations. 
Buenos Aires, 1941, Libreria “El Ateneo. ” 

THE HAND: ITS DISABILITIES AND DISEASES. By Condict W. Cutler, 
Jr., M.D., P.A.C.S., Associate Surgeon, Roosevelt Hospitals, Division of Surgery, 
Welfare Hospital, New York. Cloth. Pp. 572, with 274 illustrations. Philadelphia 
and London, 1942, W, B. Saunders Company. 

A TEXTBOOK OF GYNECOLOGY. By Arthur Hale Curtis, M.D., North- 
western University. Cloth. Pp. 723, with 401 illustrations. Philadelphia, 1942, 
W. B, Saunders Company. 

SURGERY CLINIC OF NORTH AMERICA— SYMPOSIUM ON INDUSTRIAL 
SURGERY. By many contributors. Cloth. Pp. 300, with SO illustrations. Philadel- 
phia, 1942, W. B. Saunders Company. 

MEDICAL PROGRESS ANNUAL, vol. 3. By Robert N. Nye, M.D., Boston. 
Cloth. Price $5.00. Pp. G7S. Springfield, 111., 1942, Charles C Thomas, Publisher. 
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OXFORD MEDICAL OUTLINE SERIES; MINOR SURGERY. By Charles M. 
Oman, M.D. Cloth. Pp. 165. New York, 1942, Oxford University Press. 

WESTERN SURGICAL ASSOCIATION TRANSACTIONS. By Harry B. Ziw 
iuermann, M.D., Recorder. Cloth. Pp. 509, with 50 illustrations. St. Paul and Min- 
neapolis, 1942, The Bruce Publishing' Company. 

A SHORT HISTORY OF CARDIOLOGY. By James B. Herrick, M.D., Emeritus 
Professor of Medicine, Rush Medical College, Chicago. Cloth. Price $3.30. Pp. 258, 
with 48 illustrations. Springfield, 111., 1942, Charles C Thomas, Publisher. 

CLINICAL ANESTHESIA— A MANUAL OF CLINICAL ANESTHESIOLOGY. 
By John S. Lundy, M.D., Mayo Clinic. Cloth. Pp. 771, with 2(US illustrations. Phila- 
delphia and London, 1942, W. B. Saunders Company. 

FIRST AID— SURGICAL AND MEDICAL. By Warren H. Cole, M.D., F.A.C.S., 
Professor of Surgery, University of Illinois, Chicago, and Charles B. Puestow, M.D., 
Ph.D., F.A.C.S., Chicago. Cloth. Pp. 351, with 92 illustrations. New York and 
London, 1942, D. Appleton-Century Company, Inc. 

ABDOMINAL AND GENITO- URINARY INJURIES. By Military Surgical 
Manuals, National Research Council. Cloth. Pp. 243, with 2S illustrations. Phila- 
delphia, 1942, W. B. Saunders Company. 

OPHTHALMOLOGY AND OTOLARYNGOLOGY. By Military Surgical Man- 
uals, National Research Council. Cloth. Pp. 331, with 51 illustrations. Philadelphia, 
1942, W. B. Saunders Company. 

ROENTGEN TREATMENT OF DISEASES OF THE NERVOUS SYSTEM. 
By Cornelius G. Dyke, M.D., F.A.C.R., and Leo M. Davidoff, M.D., F.A.C.S., Co- 
lumbia University-Jewish Hospital, Brooklyu. Cloth. Price $3.25. Pp. 198, with 
12 illustrations. Philadelphia, 1942, Lea and Febiger. 


CHANGES IN THE KNEE JOINT AT VARIOUS AGES. By Granville A. 
Bennett, M.D., Hans Waine, M.D., and Walter Bauer, M.D., Harvard Medical 
School. Cloth. Price $2.50. Pp. 97, with 31 illustrations, New York, 1942, Com- 
monwealth Fund. 


BLOOD SUBSTITUTES AND BLOOD TRANSFUSIONS. By Stuart Mudd, 
M.A. M.D., Professor of Bacteriology, University of Pennsylvania School of Medi- 
cine Philadelphia, and William Thalhimer, M.D., Division of Human Serum, Public 
Health Research Institute of New York. Cloth. Piice $5.00. Pp. 407, with 94 
illustrations. Springfield, III., 1942, Charles C Thomas, Publisher. 


THE SURGERY OF PANCREATIC TUMORS. By Alexander Bruuseliwig, M.D., 
F 4 C S Professor of Surgery, University of Chicago. Cloth. Pp. 421, with 123 
illustrations. St. Louis, 1942, C. V. Mosby Company. 

THE MAKING OF. A SURGEON. By Ernest V. Smith, M.D., D.H<\, F.A.C.S. 
Cl tl Price $3 00. Pp. 344; " irh 41 illustrations. Fond ,du Lae, Wisconsin, 1942, 

Berndt Printing Company. 

aitcrTCAL PATHOLOGY- By William Boyd, M.D., Lh.D., M.B.C.P. (Ed.), 
Condonl, Professor of Pathology, Toronto. Cloth. Pp. .S' 13, with 501 

F.R.C.B. ( ' , p i ates . Philadelphia, 1942, W. 11. Saunders Company, 

illustrations and If coi t 

TWRMATOLOGY. By Donald M. f'illabury, M.D., Marion II. 
MANUAL ot ^ clarence S. Livingood, M.D. Cloth. Pp. 121, with toy Ulus- 
Sulzlwrgcr, MIL, am ‘ B Saunders Company, 

trations. PUtodclphur. 1.-*- 
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WAR MEDICINE. By editor, Winfield Scott Piegli, M.D., Commander (M.C.) 
U.S.N., formerly Surgeon, City Hospital, New York. Cloth. Dp. 565, with 76 illus- 
trations. New York, 1912, F. Hubner and Company, Inc. 

LYMPH NODE METASTASES: INCIDENCE AND SURGICAL TREATMENT 
IN NEOPLASTIC DISEASE. By Grantley Walder Taylor, M.D., Institute of 
Surgery, Harvard. Cloth. Price $S.0G. Pp. 49S, with 61 illustrations. New York, 
1942, Oxford University Press. 

THE HEMORRHAGIC DISEASES AND THE PHYSIOLOGY OP HEMOS- 
TASIS. By Armand J. Quick, Ph.D., M.D., Associate Professor of Pharmacology, 
Marquette University School of Medieine, Milwaukee, Wis. Cloth. Price $5.00. Pp. 
340, with 24 illustrations. Springfield, 111., 1942, Charles C Thomas, Publisher. 

SULFANILAMIDE AND RELATED COMPOUNDS. By Wesley W. Spink, 
M.D., F.A.C.P. Cloth. Price $3.00. Pp. 374. Chicago, 1942, The Year Book 
Publishers, Inc. 

THE HOSPITAL CARE OP THE SURGICAL PATIENT. By George Crile, 
Jr., M.D., and Franklin L. Shively, Jr., M.D., Cleveland Clinic, Cleveland. Leather 
finish. Price $2.50. Pp. 184, with 21 illustrations. Springfield, 1943, Charles C 
Thomas, Publisher. 

THE BIOLOGICAL ACTION OF THE VITAMINS, A SYMPOSIUM. By E. 
A. Evans, Jr., University of Chicago. Cloth. Pp. 227, with 20 illustrations. 
Chicago, 1942, University of Chicago Press. 

SURGICAL CLINICS OF NORTH AMERICA, Dec., 1942, vol. 22. By many 
contributors. Cloth. Pp. 300, with 66 illustrations. Philadelphia, 1942, W. B. 
Saunders Company. 

SURGICAL CLINICS OF NORTH AMERICA, Oct., 1942, vol. 22. By many 
contributors. Cloth. Pp. 261, with 63 illustrations. Philadelphia, 1942, IV. B. 
Saunders Company. 

FRACTURES. By Paul B. Magnuson, M.D., F.A.C.S., Northwestern Medical 
School, Chicago. Cloth. Price $5.50. Pp. 511, with 319 illustrations. Philadelphia, 
1942, J. B. Lippineott Company. 

ORTHOPEDIC SUBJECTS. By Military Surgical Manuals, National Research 
Council. Cloth. Pp. 306, with 77 illustrations. Philadelphia, 1942, W. B. Saunders 
Company. 

THE YEAR BOOK OF INDUSTRIAL AND ORTHOPEDIC SURGERY 1942. 
By Charles F. Painter, M.D., Massachusetts Women 's Hospital, Boston. Cloth. 
Price $3.00. Pp. 424, with 300 illustrations. Chicago, 1942, The Year Book Pub- 
lishers. 

MANUAL OF OXYGEN THERAPY TECHNIQUES. By Albert H. Andrews 
Jr. Cloth. Price $1.75. Pi). 191, with 30 illustrations. Chicago, 1942, The Year 
Book Publishers. 

ORTHOPEDIC SUBJECTS. By Military Surgical Manuals, National Research 
Council. Cloth. Price $3.00. Pp. 306, with 79 illustrations. Philadelphia, 1942 
W. B. Saunders Company. ' ’ 

TREATMENT OF FRACTURES. By Guy A. Caldwell, M.D., F.A.C.S., Univer- 
sity of Louisiana School of Medicine. Cloth. Price $5.00. Pp. 303, with 92 illus- 
trations. New York, 1913, Paul B. Hocher, Inc. 
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BURNS, SHOCK, WOUND HEALING AND VASCULAR INJURIES. By 
Military Surgical Manuals National Research Council. Cloth. Price $2.50. Pp. 272, 
with SO illustrations. Philadelphia, 1943, IV. B. Saunders Company. 

RENAL LITHIASIS. By Charles C. Higgins, M.D., Cleveland Clinic, Cleveland. 
Cloth. Price $3.00. Pp. 140, with IS illustrations. Springfield, 111., 1943, Charles 
C Thomas, Publisher. 

PRINCIPLES AND PRACTICES OP OBSTETRICS. By Joseph B. DeLee, 
M.D., Consultant in Obstetries, Chicago Lying-in Hospital and Dispensary, and 
<L B. Greenhill, M.D., Attending Obstetrician, Michael Reese Hospital, Chicago. 
Cloth. Price $10.00. Pp. 1101, with S4I illustrations. Philadelphia, 1943, IV. B. 
Saunders Company. 

ESSENTIALS OF PROCTOLOGY. By Harry E. Bacon, M.D., F.A.C.S., 
F.A.P.S., Head of the Department of Proctology, Temple University. Cloth. Price 
$3.50. Pp. 345, with 1GS illustrations. Philadelphia, 1943, J. B. Lippineott Company. 

DISEASES OF THE NOSE, THROAT AND EAR; MEDICINE AND SUR- 
GERY. By William L. Ballenger, M.D., F.A.C.S., Late Professor and Head of 
Department of Otology, Rhinology and Laryngology, University of Illinois, Chicago, 
and Howard Charles Ballenger, M.D., F.A.C.S., Associate Professor of Otology, 
Northwestern. School of Medicine, Chicago. Cloth. Price $12.00. Pp. 975, with 
604 illustrations. Philadelphia, 1943, Lea & Febiger. 

NEUROSURGERY AND THORACIC SURGERY. By Military Surgical Manuals, 
National Research Council. Cloth. Price $2.50. Pp. 310, with 97 illustrations. 
Philadelphia, 1943, IV. B. Sauuders Company. 

SURGERY CLINICS OF NORTH AMERICA. By many contributors. Cloth. 
Pp. 312, with 77 illustrations. Philadelphia, 1943, IV. B. Saunders Company. 

GYNECOLOGY INCLUDING FEMALE UROLOGY. By Lawrence R. Wharton, 
Ph.B., M.D., Associate in Gynecology, The Johns Hopkins Medical School; Assistant 
Johns nopkins. Cloth. Pp. 1000, with 4-14 illustrations. Philadelphia, 1943, IV. B. 
Saunders Company. 


To Our Readers 

The exigencies of the war situation have made it necessary to comply 
with the order of the War Production Board to reduce the weight of 
paper previously used for the Journal. While this change wiJJ not 
affect the printed page it will affect the quality of the halftone illustra- 
tions We regret that we have no choice in the matter and would 
, the forbearance of our readers. As soon as the restrictions are 
^ moved we shall resume our practice of printing the Journal on the 
previously employed heavier grade of paper. 

P 1CV " , Tub C. V. Mo shy Co., VvnusmusH. 
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TOTAL GASTRECTOMY; EFFECTS UPON NUTRITION 
AND HEMATOPOIESIS 

J. Matthews Farris,* M.D., Henry Iy. Ransom, M.D., and 
Frederick A. Colder, M.D., Ann Arbor, Mich. 

(From the (Department of Surgery, University of Michigan J 

npOTAL gastrectomy implies the complete removal of the stomach with 
1 a segment of the esophagus and duodenum. Connor 7 performed the 
first total gastrectomy upon man in 1SS4. His patient did not survive 
the operation. Thirteen years later, Schlatter 27 reported the first suc- 
cessful case. In the years that have followed little enthusiasm was 
shown for what has generally been considered a formidable procedure. 
The mortality rate was 50 per cent (eighty-eight eases collected by 
Roeder, in 1933). The implication that the patient might survive the 
operation only to be relegated to a life of invalidism has fui'ther de- 
terred surgeons from accepting this procedure in the treatment of 
gastric neoplasms. It was first thought that following this operation the 
patient would be forced to subsist on predigested foods and others have 
predicted that pernicious anemia would be an invariable sequel. 

Recent reports 1 - 2 - «• 8 - «• 17 - 18 - 20 - 23 > 33 indicate that the operation is 
now being performed with increasing frequency. It is therefore ap- 
parent that a knowledge of the effect of total gastrectomy upon nutri- 
tion and hematopoiesis is of practical importance. 

Few studies have been made on digestion in man after gastreetoniv 
and the findings have been conflicting.’ 2 - ”• 30 Since 1937, twenty-nine 

complete gastrectomies have been pel-formed at the University of 
Michigan Hospital. Twenty-four of these patients survived the opera- 
tion an d have provided an opportunity for observations of the essential 

•Captain. Meilical Corps, U. S. Army. 

n-nTiajf) 1 !lt U,C mwtins ot the Sociut - v oC University Surgeons. Chicago. III., Feb. 
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roles of the stomach in man. It is surprising how little their lives have 
been changed. A recent communication received from one of them 
leads. I have continued to gain strength and have now gained thirty- 
three pounds. I am able to eat everything and am no longer troubled 
with indigestion.” 

This patient was operated upon Aug. 30, 1940, for an adenocarcinoma 
of the cardiac end of the stomach and was well thirty months later. 
Another patient, in his third postoperative year, was recently hospital- 
ized for metabolic studies. He had gained twenty pounds and was able 
to take a 2,500 calorie diet in three regular meals without discomfort. 
There are several others who eat with little restriction in quantity or 
quality. Troublesome symptoms occurring early in the convalescence 
are related to the quantity of food ingested. These symptoms usually 
diminish rapidly as the postoperative period progresses. One patient, 
followed for nearly five years (longer than any ease previously re- 
ported), is in good nutrition and has an excellent prognosis. Her ease 
history follows. 

R. B., a woman aged 40 years, was admitted to the University Hospital June 10, 
1938. Her complaints were related to three episodes of hematemcsis, melena, head- 
ache, weakness, and palpitation. She had been well until fifteen months prior to 
admission when she had experienced rather sudden vomiting of large amounts of 
grossly bloody material without premonitory signs. A second similar experience 
did not follow until nine months later during which time the patient had been quite 
well. Recovery was spontaneous and she was getting along well until three weeks 
prior to admission when the third episode supervened. Following this attack there 
were residual weakness, palpitation, and shortness of breath. There were few symp- 
toms to suggest peptic ulcer and the patient had been able to tolerate all foods. 
There was no weight loss. 

The physical examination revealed no abnormality other than a nodular enlarge- 
ment of the fundus of a seft, movable uterus. 

The laboratory findings were as follows: Hemoglobin (Sahli), 58 per cent; 
R.B.C., 4,400,000; W.B.C., 6,700; Kahn (blood), negative; serum proteins — total, 
4.9; albumin, 3.0; globulin, 1.6. 

Table I 


Gastric Analysis With Histamine 


kt.ee 


COMBINED 


Fasting 
15 min. 
30 min. 
45 min. 
60 min. 


22 

To 

31 
28 

32 


S 

8 

0 

C 

0 


filling defect, 
upper portion 


Knoitaenoyraphic Examination.— Eight serial films demonstrated : 
hlv neoplastic in origin, involving the lesser curvature and 
presumao stomach. One large deck was interpreted as ulceration within 

of the body or » 

the neoplasm (^ ° cXam ^ na i\ ol i was carried out June 13, 1938. Observations were 
Pcritoneoscopw evidence of carcinomatosis, ascites, or hepatic metastases. 

excellent. There wm could not be seen with transillumination of the stomach. A 
The gastric neop asm t j le an terior wall of the uterus. Five davs were then 

l arge fibroid was visualized 
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spent in prepuling the patient foi operation. The hypupi oteinemia was corrected 
with transfusions of blood. The stomach was carefully washed daily, vitamin sup- 
plements and hydrochloric acid were included in the diet, and measures were directed 
toward improvement of oral hj giene. Operability cf the lesion seemed quite dubious. 



Pig 1 — Serial films demonstiate a constant Ailing defect in the proximal lesser 
curvature of the stomach. One laige ulcer fleck is visualized indicating ulceration 
within a large gastric neoplasm 


Operation . — On June 20, 193S, under spinal anesthesia, operation was performed 
(H. K. K.). On the lesser cunature of the stomach, m proximity to the esophagus, 
a peculiar dumbbell shaped mass could be palpated. The mass consisted of two por- 
tions measuring appi oximately .1 by 4 cm., and extended to within X or 2 cm. of the 
esophagus. There were no palpable regional metastase* but the extensile involve- 
ment of the proximal stomach precluded a partial gastrectomy. A total resection 
was therefore performed. The blood supply was divided along both curvatures 
beginning at the duodenum and extending to the esophagus. The duodenum was 
then divided and the stomach drawn upward to produce traction upon the intra- 
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abdominal esophagus. A loop of proximal jejunum was brought up through the 
transverse mesoeolon and an esop/iagojejunostoniy completed with two layers of 
interrupted fine silk sutures. The esophagus was not transected until the first row 
of sutvnes was in place. The peritoneum of tire under surface of the diaphragm 
was utilized in buttressing and reinforcing the anastomosis. A complementary 
enteroenterostomy was made approximately 8 cm, below the previous anastomosis. 
^ jejunostomy tuba was placed in the efferent loop just below the mesocolon and 
brought out through a stab wound, lateral to the inidline incision. The patient left 
the operating room in good condition and reacted promptly after returning to the 
ward. 

Pathologic Diagnosis . — “A large neurofibroma of Schwannoma type. It is a weil 
encapsulated, expansively growing neoplasm. The neoplasm will recur if not en- 
tirely removed.” (Dr. C. V. IV'elier.) 

Dostoperatice Coarse. — The patient’s condition was excellent at all times. Je- 
junostomy feedings were begun after twenty-four hours and the patient was allowed 
up on her fourteenth postoperative day. The enterostomy healed promptly after 
removal of the tube. X-ray examination, on July Id, 1958, showed a satisfactory 
anastomosis between tlie esophagus and jejunum. She was living and well ao' months 
after operation. 

In Way of 1942 (at the end of the fourth postoperative year) a series of 
metabolic studies’ were begun using this patient as a subject. 

Metabolism of Protein and Fat Following Total Gastrectomy.— She was placed on 
a weighed diet which was given for a three-day period (nine meals). The first and 
the ninth meal were “tagged” with carmine given orally. Collection of the feces 
was begun when the dye first appeared in the stool and stopped at the second ap- 
pearance of the dye. The three-day' collection was then dried and total nitrogen and 
total fat determinations were made. 

The dry weight of the three-day stool was 02 Gm. and the iota) nitrogen content 
(Kjeldahl) was 2.34 Gm, The intake during the three-day diet had been carefully 
weighed and was as shown in Table II. 

Table II 


I.vr.txc Dobing Thbbs-Day Diet 


JNTAKK 

FUOTElX 

<GMO 

FAT 

(GM.) 

( ‘AltUoli YliKATE 
(GM.) 

1st day 

iiS 

.89 

25 0 

2nd day 

TO 

105 

250 

3rd day 

0’2 

72 

235 

Total 

2 JO 

l’Gu 

73i i 


Most of the nitrogen arising from the catabolism of protein is excreted 
in the urine. A small fraction is eliminated through the secretion of 
the intestinal mucosa. This is metabolic nitrogen and may be estimated 
from the nitrogen of the feces on a nitrogen-free diet. In man 0.5 to 
15 Gm are excreted in this way daily. In order to determine the 
rtion of a given amount of protein which has undergone digestion 
P Absorption, °the total nitrogen content of the ingested protein is 


A hsorhet I Xit rogen 


and absorption, . 

l<Q ° a r.Jtooe of absorbed nitrogen is known as the rocfjwumt of 
The peict- o . ole j IlsS of food contain W per cent nitrogen. There- 

dujestib mu- ; .wrested protein over the three-day period contained 

the 200 ■ 


lore, the 200 

12.5 Gm- oi nitrogen. 


Employing this formula : 
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Food Nitrogen 


200 

16 


= 12.5 


Stool N 
(2.34 


Metabolic N Absorbed N 
1.0) = 11.6 Gm. 


The coefficient of digestibility of the protein in the three-day diet is 
S9.2 per cent. Of the various proteins those of animal origin are the 
most digestible (95 per cent). The digestibility' of the protein in fruits 
and nuts is low and that of the proteins of legumes and of potatoes is 
around 80 per cent. The coefficient of S9.2 per cent is a normal figure 
for the protein contained in this diet. 4 

These results serve to support the clinical observation that patients 
are able to keep in good nutrition following total gastrectomy. As far 
as protein digestion is concerned it appears that the stomach does not 
play an essential role and this function may adequately be taken over by . 
the trypsin of the pancreas and the erepsin of the small intestine. 

This patient ingested 266 6m. of fat in the three-day period. Total 
fat determinations (Saxlet) were done. There were 4.5 Gm. of total 
fat or 7.3 per cent of the dry weight. According to Bodansky and 
Bodansky 3 this value falls within the normal range of percentage of 
fat in dig- feces. These findings are in accord with the general knowl- 
edge that gastric lipase is a weak fat-splitting enzyme, of little practical 
importance in adults. It is soon rendered inactive as the acidity of the 
gastric contents rises during digestion and any action it may have is 
exerted only upon fats in a state of very fine emulsion. Many question 
if this enzyme in the stomach has any real digestive value. Therefore, it 
is not surprising that complete gastrectomy docs not interfere with this 
particular phase of nutrition. 

Gavrila and Danicieo, 13 from their study of thirteen patients upon 
whom gastroenterostomy and various types of partial gastrectomy had 
heen performed, report that the digestion of fat was impaired in all 
the patients. They attributed this deficit to a pancreatic insufficiency 
following partial resection of the stomach. The increased motility of 
the gastrointestinal tract early in the postoperative period appears to 
be a much more likely cause. In nearly all eases of resection of the 
stomach the passage of food may be greatly accelerated early in the 
patient’s convalescence. In four patients that we have followed for 
several years there have been no errors in fat metabolism. 


Hematopoiesis Following Total Gastrectomij . — It is increasingly ap- 
parent that gastrectomy may be performed without any great fear of 
undue consequences as far as the factor of hematopoiesis is concerned. 
Fig. 2 shows the results of complete blood examinations over a four- 
year period following complete gastrectomy, The mean corpuscular 
volume has consistently remained below macrocytic levels. The original 
hypothesis of Castle implied that gastrectomy might well he followed 
by pernicious anemia. However, clinical experience indicates that this 
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complication is rarely, if ever, encountered. Furthermore, many experi- 
ments have been performed on a wide variety of laboratory animals in 
an effort to produce pernicious anemia of agastric genesis. No one has 
been able to produce the typical changes in the bone marrow and 
peripheral blood associated with hyperchromic macrocytic (pernicious) 
anemia following total gastrectomy in animals. The experiments of: 
Mann (1929), Ivy, Morgan, and Farrell (1931), Mann and Graham 
(1932), Aron and Bauer (1933), Mullenix, Dragstedt, and Bradley 
(1933), Doulcine and Bondarenko (1934), Ducuing, Miletzky, and 
Soula (1936), Shumaeker and Wintrobe (1935), Petri and Jensenius 
(1941), Singer (1935), Kolmo (1935) have all given similar results in 
this regard. 


TOTAL GASTRCCTOMY 6-20-36 



From a study of SOO partial gastrectomies, Walton “ was unable to 
detect alterations in hematopoiesis. Sturgis and Goldhamer 31 were 
unable to collect more than three cases of macrocytic anemia following 
gastrectomy from the total group of anemias seen at the Simpson 
Memorial Institute at the University of Michigan. In our series of 
t ' nine total gastrectomies, four have now survived the operation 

' t ,,, n voars Careful blood examinations on these four 

° , do not show macrocytic anemia. However, many of the patients 

patien s • a j though of the hypochromic microcytic type that 

do deve op ^ ssoc i a ted with iron deficiency. Improvement is eon- 
is common 3 1 m t j,e administration of hydrochloric acid with the 
sistently apparen The hemoglobin level will remain satisfactory as 
diet or ferrous iron. 
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long as the patient takes ferrous iron one week out of each month. Late 
in 1940, iron was not taken by this patient (Fig. 2) for two months and 
on Jan. 14, 1941, the hemoglobin level was 56 per cent (Sahli). How- 
ever, when iron therapy was resumed, a satisfactory response was ob- 
tained. 

This iron deficiency anemia results from alterations in the physiologic 
principles controlling the absorption of iron. Under normal conditions, 
the inorganic iron of the food which is in the ferric state, is converted by 
the HC1 to the ferrous form. Ferrous iron is the only form in which 
it can be absorbed by the alimentary tract. 4 It is likewise now known 
that the organic form of iron in foods is not available for absorption 
as it is not released by peptic or tryptic ferments. Animals fed 
dipyridyl, for example, become anemic since the inorganic iron is 
rendered insoluble. In certain anemias accompanied by the absence of 
HC1, compounds of ferrous iron (sulfate, chloride, carbonate) are 
specific in their effects. It has been shown by Castle and associates that 
in hypochromic anemia a daily dose of 32 mg. of iron and ammonium 



Fig. 3. — Illustrating glucose tolerance curve following- total gastrectomy. These 
curves differ from normal in certain respects. The initial phase of hyperglycemia is more 
pronounced and has been followed in the cases studied by a rapid fall to levels approach- 
ing hypoglycemia. The lowest levels are usually observed in the third hour and are 
followed by gradual recovery to fasting levels in the fourth and fifth hours. 

citrate, administered subcutaneously, is utilized completely in the forma- 
tion of hemoglobin. It was also shown that 32 mg. of iron administered 
in this way is equal to 1,000 mg. given by mouth. 4 This further demon- 
strates that only a very small proportion of ferric iron is converted into 
the absorbable (ferrous) form in the alimentary tract under normal 
conditions. Therefore, after total gastrectomy, the inorganic iron nor- 
mally contained in the richly iron-containing foods is not available for 
absorption until it has been changed into the ferrous form. This re- 
quires the presence of the hydrogen ion. Hydrochloric acid may be 
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given with the diet. In most of onr patients, 0.32 ('Jin. of ferrous sulfate 
taken three times a day for one week out. of each month iia.s proved to be 
efficacious in preventing a hypochromic microcytic anemia. 

Cat bohydratc Metabolism , — Qualitative information concerning carbo- 
hydiatc metabolism may be obtained from glucose tolerance studies. 
( i Incuse tolerance curves tollowing total gastrectomy differ from normal 
values in the tollowing respects : The initial phase of hyperglycemia 
is more pronounced and has been followed in the cases studied by a 
rapid tall to hypoglycemic levels. The lowest levels of blood sugar have 
been observed during the third hour and are usually followed by a 
gradual recovery to fasting levels in the fourth and fifth hours (Figs. 
.‘1 and 4). These changes may be attributed to alterations in absorption, 
utilization or rate of deposition of glucose. Inasmuch as the intravenous 
glucose tolerance lest in these patients gives a perfectly normal curve, it 
is apparent that these changes are a result of an increase in rate of ab- 
sorption of glucose following total gastrectomy. 



, illustrating hypoglycemia occurring during a glucose tolerance study (1.75 

- F Sr Mo "ram Of ideal body weight given orally). During the third hour the patient 

experienced definite symptoms of hypoglycemia. 


It is noted in Fig- 4 that this patient’s blood sugar was 39 during the 
third hour This approaches convulsive levels and the patient was dis- 
t- 1 c tly uncomfortable. These low blood sugar values may produce the 
m ’ al si "ns of the hypoglycemia syndrome. It. is presumably due to 
j yP1Ca - ns uUnism, which is secondary to the primary phase of hyper- 
hypein p j iys j 0 i 0g i c mechanism might well explain attacks of 

glycenua. an( j palpitation occasionally observed following par- 

weakness, ier o , j emptying of the stomach through large anas- 

tial gastrectomy. ^ f ac ii£tate the rapid absorption of glucose and 

tomoses (Polya typ 
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may be followed by secondary hyperinsulinism and hypoglycemia. High 
protein, low carbohydrate diets are effective in preventing postpiandial 
abnormalities in the blood sugar levels. 



Motility of the Gastrointestinal Tract Following Total Gastrectomy . — 
Gastroenterostomy, partial gastrectomy, and total gastrectomy may all 
produce transient increased motility of the gastrointestinal tract. In- 
gested powdered charcoal may appear in the stool in twelve hours. 12 
When digestive deficits have been observed following gastric operation, 
it is reasonable to assume that they are a result of the increased motility. 
In the patients that we have followed, this phenomenon has been of 
temporary significance. Pig. 5H illustrates the changes occurring in the 
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disfal loop of jejunum over a four-year period, following total gastrec- 
tomj . Hie storing capacity of the stomach is .simulated. Fig. 5 D 
illustrates the progress of the barium meal live hours after oral inges- 
tion. Iherc is no evidence of barium in the colon, which indicates a 
slight decrease in motility. Carmine administered orally does not ap- 
pear in the stool for thirty-six hours. The vagus nerves are almost in- 
variably sacrificed in the course of total gastrectomy. Inasmuch as they 
are predominantly motor, gastrointestinal motility may eventually be 
decreased through this mechanism. Another patient twenty-four months 
after operation showed progression of barium at one, three, and five 
hours, slightly slower than normal. 


SUMMARY AND CONCLUSIONS 

1. The mortality rate following total gastrectomy is not prohibitive. 
There have been two deaths in the last nineteen consecutive operations. 
One of these occurred in a man 79 years old. 

2. The stomach does not play an essential role in the digestion of fats 
and protein. 

3. There is no experimental evidence that removal of the stomach will 
produce pernicious anemia. Clinical experience likewise indicates that 
primary anemia is rarely encountered following various gastric opera- 
tions. 

4. Gastrectomy interferes with the metabolism of iron. 

5. The absorption of glucose is more rapid than normal. This results 
in a transient hyperglycemia phase that is followed by hypoglycemia. 
This latter phase may produce characteristic symptoms. A high pro- 
tein, low carbohydrate diet is efficacious in preventing these abnormal- 
ities. 

6. A patient is reported who survived total gastrectomy four years and 
seven months. She is living and well. 

7. Motility is decreased rather than increased. This may be due to 
intra-abdominal section of the vagus nerves. 

We acknowledge the helpful collaboration of Miss Sue Biethan in preparing the 
bibliography. 
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INTESTINAL STRANGULATING OBSTRUCTION WITH 
NEGATIVE ROENTGENOLOGIC FINDINGS* 


Lkox Goldman, 31. D., Sax Francisco, Calif. 

(From the Division of Surgery, University of California Medical School) 

T HE difficulties o£ recognizing internal intestinal strangulating ob- 
struction are well known. Although the pain is usually colicky in 
nature, in some patients it is sharp and continuous, simulating that of 
perforated peptic ulcer, twisted ovarian cyst, acute pelvic inflammatory 
disease, or mesenteric infarction or thrombosis. The venous return from 
the segment of bowel is often occluded first so that the involved loop 
quickly fills with blood, usually replacing any gas which may be present 
in the affected loop. The physical findings in this group of patients 
simulate those of peritonitis rather than simple intestinal obstruction. 
The irritating scrosanguineous fluid in tbe peritoneal cavity produces 
tenderness, rigidity, and an inhibition of peristalsis. While patients 
with acute strangulating intestinal obstruction may present symptoms 
closely resembling those of simple obstruction, the presence of fever, 
tenderness, rigidity, a palpable abdominal mass, or leucocytosis is 
usually evidence that the blood supply has been interrupted. 

Since Schwartz, 1 Assmann, 5 Case, 3 and others emphasized tbe positive 
roentgenologic findings of intestinal obstruction, little has been men- 
tioned about the possibility of negative findings, particularly in strangu- 
lating obstructions. Rabwin* mentioned two such patients in whom 
no evidence of obstruction appeared on x-ray examination. 

We have observed several patients with minimal roentgenologic evi- 
dence of obstruction, characterized by the presence of a small accumula- 
tion of gas in the proximal bowel, even though several feet of small in- 
testine were gangrenous. We have seen four patients with acute strangu- 
lating intestinal obstruction, two of whom showed no roentgenologic 
evidence of obstruction and two of whom showed changes which might 
be considered questionable. In the latter group such changes as ap- 
peared were thought to represent signs of paralytic ileus inasmuch as 
it was believed that peritonitis from some other cause might be present. 

CASE REPORTS 


Strangulating Obstruction With Negative Roentgenologic Findings 

_K W a housewife, GG years of age, had had a hysterectomy ten years 
Case 1. v - •> ... gi ie presented a history of cramplike pain at the onset 

prior to the present illness, o 

!_ conducted under a plant from the Christine Breon Fund for 

* Experimental wont 

Medical Research. £ the Soc iety of University Surgeons, Chicago. 111., 

Presented at the meeting 

Feb. U-13. 1513. 
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which quickly became continuous in type and spread over the entire abdomen. This 
was followed by constipation and the vomiting of bile-stained fluid. The physician 
in attendance observed her at home for twenty-four hours. On entry her temperature 
was 37.5“ 0., pulse rate 110, respirations 24. The abdomen was tender and rigid 
throughout the lower portion and no peristaltic activity was heard. The blood 
count showed 92 per cent hemoglobin ; red blood cells, 4,420,000; white blood cells, 
14,000 ; polymorphonuclear leucocytes, 78 per cent. Her pain and findings increased. 
Thirty-six hours after the onset of her illness, roentgenograms of her abdomen showed 
the stomach and first portion of the duodenum to be distended with gas, but there 
was no evidence of gaseous distention of the small intestine (Fig. 1). At operation 
immediately thereafter, approximately four feet of gangrenous lower ileuru were 
found. The strangulation was caused by a narrow adhesive band running from the 
posterior parietal wall on the Tight side to the region of the broad ligament. This 
band had tightly encased the bowel and its mesenteric blood supply, causing com- 
plete obstruction to both. The gangrenous loop of bowel was heavy, filled with 
sanguiueous fluid, and there was a large amount of serosanguineous fluid in the 
peritoneal cavity. 



Fig 1 — RoentgeHum am showing gas in the stomach anti duodenum but none in the 
small Intestine: four feet of gangtenous ileum wete tesected in tills patient. 

Cisb 2. — B. S., ti housewife, 44 years of age, had had an appendectomy through 
a right rectus incision fourteen years previously, and a light salpingo-ocpliorectoniv 
eight \ ears before this illness. Sixteen hours befote entry to the hospital she had 
sudden, severe, progressive pain in the mid-portion of the abdomen. She vomited 
upper intestinal contents only onee. On entry, her temperature was 37.9” C., pulse 
rate 100, and respirations 20, The abdomen uus not distended and a mass could be 
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CvtSE o.— 0. C., a woman, 4S years of age, had had ■ , 9 

and appendectomy sixteen years previously. She enter li salpin g°-oophorectomy 
eight liours of severe pain, which was colichy at the on th ^ I,0Spital after ‘went y- 
in character. She vomited several times and had one T n* S °° n became continuous 
Her temperature was 3S.4° C., pulse rate 120, respirations a °™ al bowel movement, 
slightly distended and peristalsis diminished. A mass pain t ,7 - r Ie ai) domen was 
on bimanual pelvic examination was thought to be an ovari ^ ^ fc 'T er a ^domen 
pedicle. The blood count showed 9G per cent hemoglobin- ^ *f Jsfed °n its 

white blood cells, 22,400; polymorphonuclear leucocytes, 93 Der . C f ls ’ 'j’ 640 ’ 000 ! 

cent. The roentgenogram (Pig. 3) showed evidence of ™, C ' • >-, “ piloc f' tes , s 
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duodenum, splenic flexure, and sigmoid colon. A centrally placed loop of bowel 
showed a small amount of gas running transversely. These findings were interpreted 
as being consistent with paralytic ileus and the grayness of tho film suggested free 
fluid. Laparotomy showed a large amount of bloody fluid in the peritoneal cavity. 
An adhesive hand runniug- between, the mesenteries of the loops of small intestine had 
caused the strangulation of six feet of ileum. 



k'ig £ — J-ioemsenog i am as "how mg no on ii.cnce o£ mechanical obstruction. 

Six feet of ileum A\ere stiungulated by adhesi\e bAml. 

Case 4. — L. L., a man, 34 >eara of age, had had an appendectomy through a 
right rectus incision six yeais previously. Twelve bourn before entry to tne hos- 
pital, severe colicky pain began in the right lower quadrant followed by vomiting 
an d constipation. His teniperutuie was. .lino" C., puLe late 110, and respirations 
2S. Tho abdomen was not distended, slight guarding and tenderness were present 
over the right side. Peristalsis was inperactne, the sounds being high-pitched and 
metallic. Blood count showed 90 per cent hemoglobin; red blood cells, 4,620,000; 
white blood cells, 17,600: polvmoipbouuelear leucocytes, 3f> per cent; lymphocytes IS 
per cent. Roentgen examination (.Big. 4) showed gas in the stomach and colon. 
There was a loop of gas filled bowel along the left lateral wall which was interpreted 
as being descending and sigmoid colon. At operation, eighteen inches of gangrenous 
lower jejunum were found, having been produced by an adhesive band. A moderate 
amount of bloody free fluid was encountered. 

The interest aroused by these eases, with few or no roentgenologic 
evidences o£ obstruction in the plain film, stimulated experimental work 
in an attempt to explain its mechanism. 
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In 1933, Och.sneiy after tightly ligating loops of small intestine to- 
gether with their blood supply, in dogs, reported that stiangulating 
obstruction produced more marked accumulations of gas and fluid than 
were found in simple obstruction, and noted that the roentgenologic 
(hidings appeared earlier than in the simple type. Ooehl, Lynch, 
Borman, and Wangensteen," on the other hand, observed that roent- 
genologic e\ klence of intestinal obstruct ion did not appear so earlv in 
animals with strangulation as in 1 hose with simple obstruction. The 
same method of ligation as that employed by Ochsner was used, except 



4 Roentgenogram showing questionable loop of distended small bowel oi 

colon in the left flank Eighteen inches of loner jejunum weie strangulated by 
adhesion. 


that varying degrees of strangulation were obtained. Carlson, Dvorak, 

Lynch, Borman, and Wangensteen/ after ligations ot mesenteric vessels 

in do<>s, concluded that, while roentgenographic evidence of gaseous dis- 

, pnrlv and a valuable sign ot simple intestinal obstruction, 

tention is au w* j , ... , . . . , 

't is of distinctly less value in strangulating obstruction or stasis caused 
1 r occlusion of the mesenteric vein. Hibbard, Swenson, and Levin 8 
^ 0 to produce positive roentgenologic findings of obstruction 

T^Xatuw mesenteric veins which drain long segments of small in- 
alter i » a taken after ligation of the superior mesenteric vein 

testine. X-ray nu 
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draining one-half of the ileum and jejunum did not reveal the presence 
of gas, whereas films taken after the ligation of the mesenteric veins 
draining nearly 10 cm. of the ileum showed the presence of gas in three 
hours and fluid in five hours. In studying mesenteric occlusion as well 
as intestinal strangulation numerous observations have been made 3 on 
the effects of the ligation of arteries, veins, both arteries and veins, and 
the wall of the bowel, in various combinations. 



rig. 5 — Roentgenogram slum mg gaseous distention of small intestine of dog follow- 
ing ligation of a segment of ileum and its blood supply. 

EXPERIMENTAL METHODS 

It occurred to us that, in order to simulate more closely the mecha- 
nism of internal strangulating obstruction caused by the slipping of a 
loop of bowel under a band or through an abnormal opening, in the 
human being, the gradual production of strangulation might be pref- 
fcrable to ligation. The changes occurring when a loop of intestine and 
its blood supply are gradually constricted are venous engorgement, 
perivascular hemorrhage, venous stasis, edema, cyanosis, spasm” of the 
affected loop of bowel, and hemorrhage into the lumen and the wall 
of the bowel. The mesentery becomes edematous so that the arterial 
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Fig. 4.— Roentgenogram showing questionable loop of distended small bowel or 
colon in the left flank. Eighteen inches of lower jejunum were strangulated by 
adhesion. 


that varying degrees of strangulation were obtained. Carlson, Dvorak, 
Lynch, Borman, and Wangensteen, after ligations of mesenteric vessels 
in dogs, concluded that, while roentgenographic evidence of gaseous dis- 
tention is an early and a valuable sign of simple intestinal obstruction, 
it is of distinctly less value in strangulating obstruction or stasis caused 
by occlusion of the mesenteric vein. Hibbard, Swenson, and Levin 8 
were unable to produce positive roentgenologic findings of obstruction 
after ligating mesenteric veins which drain long segments of small in- 
testine X-ray films taken after ligation of the superior mesenteric vein 
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(rroti/f /.—A loop of ileum, 40 cm in i M10j . h ... 
ligated with stout cotton tape, approximately ^ SUppJy ’ was 

ileocecal valve so as initially to oeeludo 7 em ’ proxinia l to the 
circulation. This was carried out in an asemT Hs meseiltei ‘ ic 
anesthesia and the operative wound was closed ° . manJ1<?1 ‘ under cth(:r 
were then taken with the animal held at 60 dei!£T!f li01 ' 
position. 0 oes of the vei 'tieal 
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average being 334 hours. Anteroposterior x-ray films were taken within 
from 6 to 10 hours. Seven of the animals showed definite accumulations 
of gas as seen by the x-ray. In 3, however, no gaseous accumulation or 
distention w r as noted proximally to the obstruction. Pig. 7 A shows a 
loop of gangrenous bowel produced in this manner and the immediately 
proximal loop placed eephalad for comparison. The collapsed state of 
the proximal loop of bowel can be noted and compared to the x-ray 
film (Fig. IB) of this same animal which discloses no gaseous distention 
proximal to the obstruction. Great venous engorgement and tenseness, 
and gangrene of the involved loop are evident. 



Group 111 . — In Older to produce intestinal strangulation in this 
manner hut earrj the observations o\er a longer period of time, the 
.same effect was piodueed 111 10 docs by placing a similar loop of ileum 
over a stout linen suture, running transiemcly across the peritoneal 
cavity and anchored at tiie lateral border of the rectus sheath on each 
side (Fins. N.t, 8 11, and Kf ) This was done under other anesthesia, with 
-aseptic technique. The loop of ileum was then sutured to the retro- 
peritoneal fascia anterior to the sacrum so that there would be no later 
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tenSTS.' " am - * * «» »in,K an, • 

obstruction, K on,, t^ZZuTu 



piemented os needed, o loop ' o f 'i tonjn nri ' " J | "t H „ ( ;l J anesthesia, sup- 
was exteriorized over a linen striae, the height- °7 7^ itS meseiltery 
ulated above the level of the anterior abrli,^ f ,riUci C0l,id be re S' 
loop of intestine was permitted “““T, S> ' T, '° 

the lower portion of the anterior abdondiml wS " t'i T T” 8 , 
string was then adjusted to a level that would prodn J ^ ° 116 

ment. The bowel was handled gently and kept warm 7 U °7 ° ng0rse ' 
minimise the inhibition of peris, ate as 3, 7™ f to 
was observed as long as the dog conld be prevents r ’ °° P 

shock, a period varying from 6 12 hours P “ * om «• 

Results: In some of the dogs the arterial pulsations tn n,„ i ,• 
appeared within 2V 2 hours and in some they continued for d hours, the' 
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of the animals in which the occlusion was produced in such a manner 
as to permit intestinal obstruction to occur gradually. This may he 
explained (1) as a chance finding, although the animals in Group I, 
which may be considered controls, all had positive x-ray evidence oi 
obstruction; (2) it is possible, however, that mesenterie venous occlusion 
causes a state of gangrene to occur before the lumen of the bowel is 



Fig 9 — Rouitgenogiam showing absence of gaseous distention m dog in which 
strangulation obstruction had been produced. 

obstructed; (3) this occlusion may provoke a profusion of irritating 
serosaugumeous fluid causing an inhibition of peristalsis and signs of 
peritonitis so that the x-ray films suggest adynamic ileus or no findings 
at all; (4) the irritative effect of a band or hernial ring may, by damage 
to the intima, initiate a venous thrombosis as is produced by simple 
ligation of a blood vessel. 

SUMMARY' 

1. Two cases of internal strangulating obstruction and gangrenous 
bowel without x-ray evidence are reported. 

2. Strangulating obstruction may be present with x-ray films suggest- 
ing adynamic ileus. 
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displacement. It was placed under sufficient tension that the 
would cause engorgement of the venous return. 


string 


Results: The x-ray films of eight of the ten dogs showed evidence of 
obstruction as characterized by gaseous distention of the small bowel. 



Fiff. SC. 


These findings were noted at 6 hours in tv o of the animals, at 12 horn s 
in three, and at IS horns in three. Roentgenograms of the other two 
dogs showed no gaseous distention after 28 hours (Fig. 9). The bowel 
was gangrenous and autopsy disclosed thrombosis of the involved 
mesenteric veins. Experiments were not included if gangrenous changes 
were absent. 

DISCUSSION 

In order to simulate more closely the findings ol strangulating ob- 
struction as seen in our patients, experiments were carried out which 
brought about a gradual strangulation and obstruction of the lumen 
f the bowel. Gaseous distention may not occur in experiments such as 
0 cited above which produce occlusion of the mesenteric vessels as in 
those ci enterie t b r0 mbosis, particularly of the venous type. Roent- 

climca f obstruction were absent in from 20 to 30 per cent 

genologic evidences u 



EXPERIMENTAL STUDIES OP THE VALUE OP 
SULFATHIAZOLE IN PERITONITIS® 

Edgar J. Poth, M.D., Ph.D., Galveston, Texas, axd 
E. Bravo Fernandez, M.D., Baltimore, Md. 

( From the Departments of Surgery of the Johns Hopkins University School of 
Medicine and the University of Texas, Medical Branch) 

T HE bacteriostatic activity of the sulfonamides has been demon- 
strated repeatedly both by well-controlled experiments and by the 
accumulation of clinical observations. The exact mode of action may 
still be conjecture and a correct understanding of this action may not 
have been proposed, but the practical observation that these compounds 
have a highly selective inhibitory effect on the metabolic processes of 
bacterial reproduction seems well founded. The entire concept of 
cellular growth and drug action may well be influenced by the studies 
which have been stimulated in this field. 

The use of the sulfonamides locally in the peritoneal cavity has heen 
the natural outgrowth of the first favorable report on the local, bac- 
teriostatic effect by Sinclair and Barker (1937). 1 No attempt will be 
made to review the past work in this general field. A number of clinical 
observations have been published on the use of the sulfonamides both 
by systemic and intraperitoneal administration. 2 " 8 A lesser number of 
experimental observations on the local, intraperitoneal use of these sub- 
stances have been reported.®' 10 

This study is an attempt to determine the relative values of systemic 
and local intraperitoneal administration of sulfathiazole in treating 
an experimentally produced peritonitis. In attempting to evaluate the 
relative effectiveness of a drug it is not necessary to reproduce a specific 
disease entity, hut it is imperative to form a reproducible lesion of suf- 
ficient lethal effects to he significant and yet he amenable to treatment 
to the extent that differential effects to the various forms of treatment 
being studied can be observed. The preparation of such a test object, 
an open duodenojejunal loop, as indicated in Fig. 1, seems to fulfill this 
requirement in that 100 per cent of the control animals died and in that 
certain forms of therapy protected TOO per cent of the treated animals 
for a significant period of time. 

Experimental Procedure . — After withholding food for twenty-four 
hours, an upper midline incision was made under ether anesthesia and 
the duodenum was identified and divided (2 cm.) distal to the main 

•Aided by n Ki-iint from Sharp ami Dohino. Inc., Philadelphia, p,,. 
Feb r i¥-l3°^!H3. 11>e mcet!ns of U,e ot University Surgeons, Chicago, 111,, 



846 


SURGERY 


3. In ten dogs the sudden production of strangulating; obstruction to 
u loop of small intestine produced x-ray evidence of intestinal obstruc- 
tion. 

4. Gaseous distention was not observed in the roentgenogiams of 23 
per cent at the twenty dogs in which strangulating obstruction was pro- 
duced by gradual interference with the blood supply and later with the 
wall of the bowel itself. 

5. Clinical and experimental observations suggest that the absence of 
evidence of intestinal obstruction in plain roentgenograms may not rule 
out the likelihood of intestinal strangulating obstruction. 
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Water was always available to the animals, but i'ood was withheld for 
four days. Practically all of the animals vomited during the first few 
days following operation. Abdominal distension was seldom present, 
hut muscular rigidity always existed for five to seven days postope na- 
tively when survival occurred. 

Ten cubic centimeters of blood were drawn daily for the determination 
of chlorides, nonprotein nitrogen, plasma protein, hemoglobin, and the 
concentration of sulfathiazole. These data are summarized in Tables 1 , 


7 a 6 /e I -Group I; control senes of animals Duodenojejunal 
segment washed with rocc of physiologically normal 
salt solution. 1 See Key to Tables 
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Key to tables 12.3,4-5 6 

la) Initial flora is the bacterial flora present in the segment at the 
time of operation lb) Final Flora is the bacteria! flora present m the 
segment and peritoneal cavity at exploration 4 weeks after operation 
or at autopsy if the animal cued sooner than 4 weeks 
Dcsiouatioh or Obcahisms A Cl welchu 3 8 coh t, alpha streptococcus 
fecahs. D beta streptococcus £ gamma streptococcus F Streptococcus hguefaciens 
G Salmonella ft Staphlococcus a/bus 1 Staphlococcus aureus J B subtilts- K 
Diphtheroids L B proteus. M B pyocyaneous U Cl sporogenes.PS aervcencs 
Q B alkahgenes R Neisseria flava 

Note The figures appearing as small superscripts indicate the day cf 
the experiment on which the observation was made In the baciena! 
counts lev'- corresponds to a count less than looo.'Aierage'.iooootajooooo'High'.iccaoao 

or mare 

2, 3, 4, 5, and G, respectively, for Groups I, II, III. IV, V, and VI, of 
ten animals each. Routine autopsies were performed for gross observa- 
tion and culture of abdominal contents. 

Group /.—Ten animals were subjected to the basic operation and 
served as controls. The average length of survival was two days. Al- 
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pancreatic duct. The jejunum was located and divided distal to Treitz 
ligament at a point permitting an end-to-end anastomosis to re-establish 
continuity of the gastrointestinal tract and isolate a segment of bowel 
approximately 20 cm. long composed of essentially equal lengths of 
duodenum and jejunum. The proximal end of this segment was closed 
by inversion (Fig. 1). This isolated loop was washed with 10 e.c. of 






the 

• , Villv normal sodium chloride solution, and the washings were 
physiologica } ,, rpj ie j 00 p was dropped into the peritoneal 

studied bacterio ° i q and t j ie abdomen was closed. This basic 

cavity with its 1S a a p s ; x ty animals included in this study, 

procedure was execu loop were exhaustively studied for total 

The washings tro identification of both aerobic and anaerobic 

bacterial content an 

organisms. 
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subcutaneous dose of sidfathiazole which resulted in but a brief main- 
tenance of a relatively low general systemic concentration of the drug. 
Twenty per cent of the animals lived more than 15 days. The changes 
in the composition of the blood were similar to those observed in Group I. 

Group III. — One day preceding the usual operative procedures, these 
ten animals received 2.5 6m. of sidfathiazole per kilo of body weight, 
suspended in normal salt solution, by subcutaneous injection at ten 
different sites. This procedure maintained a significant tissue level 
of sidfathiazole for approximately 10 days (Fig. 2). From the sum- 
marized data in Table 3 it was evident that less vomiting occurred post- 
operatively. This treatment conferred significant protection with 40 
per cent of the animals living more than 15 days and an average sur- 
vival period of 25.6 days for the entire group. Since the tissue was 
impregnated with sidfathiazole twenty-four hours before contamination 
of the peritoneal cavity, this group should represent the best results 
that can be expected from systemic treatment with sidfathiazole. 



Fig. > — A characteristic chart of the concentration of sulfathlazole in the blood 
following tho subcutaneous injection at ten ddferont Mbes of a saime susoension of 
2.5 Gni. of the drug tier kilo of bod> weight. 

Group IV.— At the time of the usual operation to form the duodeno- 
jejunal segment, 0.5 grams of sidfathiazole per kilo of body weight 
suspended in normal salt solution, were injected into the general perito- 
neal cavity of ten animals. Sixty per cent of these animals survived 
more than 15 days and the average length of survival was 51.5 days. 
The concentration of sidfathiazole in the blood was appreciable for 
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though the survival was brief, the increase of hemoglobin and decrease 
iu blood chlorides rolled the effect of postoperative vomiting resulting 
from the acute peritonitis which was evident at autopsy, Table 1. 

Group II . — Immediately following the operation to form an isolated, 
open duodenojejunal segment each of fen animals received 0.5 Gm. 
of sulfathiazole per kilo of body weight, suspended in normal salt solu- 


Table 2 Loop washed with iocc of physiologically norma! 
salt solution o 3 grams of sulfathiazole per kilo of body 
weight suspended in normal salt solution injected sub- 
cutaneously at a single site immediately following opera- 
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' See Key to tables 


as a subcutaneous injection at a single site. The average survival 
1 ! ' 19 6 <j ayS) but it should be observed that this was not an a c- 

r reflection of the true picture, because the increased survival 
cura . t 1 (j r oup I was primarily due to the prolonged survival 
over the c D-174 (Table 2) where the initial bacterial 

W ° TitaSiSa. segment tens zero. These is, however, e.i- 
flora m the. <j egre e of protection has been conferred by this single 
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subcutaneous dose of snlfathiazole which resulted in but a brief main- 
tenance of a relatively low general systemic concentration of the drug. 
Twenty per cent of the animals lived more than 15 da 3 's. The changes 
in the composition of the blood were similar to those observed in Group I. 

Group III . — One day preceding the usual operative procedures, these 
ten animals received 2.5 Gm. of sulfathiazole per kilo of body weight, 
suspended in normal salt solution, by subcutaneous injection at ten 
different sites. This procedure maintained a significant tissue level 
of sulfathiazole for approximately 10 days (Pig. 2). From the sum- 
marized data in Table 3 it was evident that less vomiting occurred post- 
operatively. This treatment conferred significant protection with 40 
per cent of the animals living more than 15 days and an average sur- 
vival period of 25.6 days for the entire group. Since the tissue was 
impregnated with sulfathiazole twenty-four hours before contamination 
of the peritoneal cavity, this group should represent the best results 
that can be expected from systemic treatment with sulfathiazole. 



l^ig. 1 — A characteristic chart of the concentration of sulfathiazole m the blood 
following; the subcutaneous injection at ten dilferent sites of a saline suspension of 
— <> Gm. of the drug per kilo of body weight. 

Group IV . — At the time of the usual operation to form the duodeno- 
jejunal segment, 0.5 grains of sulfathiazole per kilo of body weight, 
suspended in normal salt solution, were injected into the general perito- 
neal cavity of ten animals. Sixty per cent of these animals survived 
more than 15 days and the average length of survival was 51.5 day*. 
The concentration of sulfathiazole in the blood was appreciable f° r 
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the hist 1 or 2 days indicating that the intraperitoneal concentration 
was high during this period. Those animals which survived more than 
a few days had only slight changes in the constituents of their blood. 
At autopsy there was no. evidence of “caking” of the drug. The perito- 
neal cavity contained a moderate amount of clear sanguineous fluid. 
This fluid did not have a foul odor. 


Table 3. Loop washed with /occ of physiologically normal salt- solu- 
tion. 2.59ms of sulfa thiazo/e per kilo of body weight suspend- 
ed in normal salt solution r divided into 10 portions was injected sub- 
cutaneously at to different sites / day before duodenojejunal loop was made. 
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*See Key tv Tables 


. , , , . » „rwition on ten animals, 0.5 Cfm. of sulfa- 

Group T . • t ie mie suspended in normal salt solution, 

thiazole per Ho rf body ^^‘Zl loop. A large portion o£ 
were injected into ie ope ^ weneral peritoneal cavity immedi- 
this fluid naturally pome between the loop and the peritoneal 

ately, thereby distn u mg ^ iese an imals survived for more than 

cavity, one hundred per cent f ^ 

15 days for an average period ot ci«. 
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showed a rather dry, chronic peritonitis. The odor was slight. The 
open end of the duodenojejunal loop was usually walled off, although 
on occasion it was found entirely free in the peritoneal cavity. It was 
noteworthy that the blood concentration of sulfathiazole was maintained 
at a higher level for a longer period than in the ease of Group IV. 

Table 4. Loop washed with tocc of physiologically norma L salt 
solution. 0.5 grams of sulfathiazole per kilo of body weight 
suspended in zocc of normal salt solution and injected info 
the general peritoneal cavity as abdomen was closed. 


Animal 
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Group VI . — In ten animals, 0.5 Gm. of sulfathiazole per kilo of body 
weight, suspended in normal salt solution, was injected into the open 
duodenojejunal loop as well as 0.5 Gm. of sulfathiazole per kilo of body 
weight, suspended in normal salt solution, injected subcutaneously im- 
mediately after operation and daily thereafter for 5 days. All of these 
animals lived longer than 15 days for a survival period of 44.6 days. 
The blood sulfathiazole was maintained at a significant level for several 
days although not so high or for as long a period of time as in the ease 
of Group 3. At autopsy a chronic, dry peritonitis was encountered; 

little ndnr u'.nc nrpQmif 
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discussion 

c. pciimemal preparation employed in fhi's r . +1 . 

M» ° f » ****>. «»«! a 100 C;2't ^ woto- 

sirs i,; » “ 



Fig. 3. — Plotting survlal data of six groups of ten dogs end}, each animal being 
operated upon to form an isolated, open duodonojejun, ’ ■ ! ■ 1 ' as fol- 
lows: Group I: Segment formed but not tieated with , group of 

animals to serve as controls. Group II 0.5 Gm of of body 

weight injected subcutaneously as a suspension at a sir.j._ allowing 

operation. Group III: 2.5 Gm. of suliatiunzole per kilo of bodv weight injected sub- 
cutaneously as a suspension in ten different sites on day preceding operation. Group 
IV: 0-5 Gm. ot sulfathiazole per kilo of bony weight injected into the peritoneal cants 
as a suspension at tune of operation. Gioup V. 0.5 Gm. of sulfathiazole per kilo ot 
body weight injected into~ the open duodenojejunal segment as a suspension at time of 
operation. Group VI: 0.5 Gm. of sulfathiazole per kilo of body weight injected into 
the open duodenojejunal segment and an equal quantity of the drug injected sub- 
cutaneously as a suspension in a single site at time of operation and for I succes- 
sive days thcreaftei. 


The data obtained in these experiments have been summarized in the 
tables and are included because of the wide difference between the bac- 
terial flora present in individual animals and these facts make it impera- 
tive that exact information be available in an experiment including such 
small numbers of animals. Reference to the tables will show that the 
1 tei'ial flora in the duodenum and first part of the jejunum may not 
aC as ; s frequently assumed. The number of organisms may bo as 
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great as are encountered in the laige bowel, therefore, to draw any con- 
clusions from an individual experiment, this information is essential 
and must be recorded. 

The duodenojejunal loop, open at one end, sen es as a constant source 
of infection. The deposition ot sulfathiazole into this loop serves a 
double purpose. The drug alteis and probably attenuates the contained 
bacterial flora and acts as a reservoir of drug which is subsequently 

Table 5 -Loop washed with iocc of physiologically normal salt- 
solution o 5 qrams of sulfathiazole per ki/o of body weight 
suspended in so cc of normal salt solution injected into the 
open duodenojejunal loop 


Animal 

D/41 

Dc 4.2 

f >43 
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* See Key to Tables 


forced into the general peritoneal cavity to leplace the drug absorbed 
by tile peritoneal surfaces as indicated by the lelative blood levels of 
sulfathiazole in Groups IV and V. 

The survival ot the animals in Clioups IV, V, and VI, and especially in 
Groups V and VI, as contrasted with the survival lates in Groups II and 
III, demonstrated the importance of, and the therapeutic value of, main- 
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taming a high local concentration of sulfathiazole in the area of infec- 
tion. These observations logically suggest a possible value of repeated 
injections of a suspension of sulfathiazole into the peritoneal cavity 
in the presence of a generalized peritonitis, without localization, to 
maintain a sustained high local concentration of the drug over an ex- 
tended period. 


Table 6 -Loop washed with iocc of physiologically norma l salt solution 
°-5 qrams of sulfathiazole per kilo of body weight suspended 
in 20 cc of % injected into the open duodenojejunal bop oggms 
of sulfathiazole per kilo of body weight suspended in 2 o«of % deposited 
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C -oups V and VI cannot be compared directly with the preceding 
n-nuos because the drug had been placed in the loop and probably 
° a tn ntfenuate the organisms, inhibit their growth, or prevent the 
S6lVe t greater quantities of sulfonamide inhibitors by the ineta- 
formation 0 => bacteria in the loop, so that these elements contam- 
bolie action 0 ^ abdominal cavity to a lesser degree . 11 These ex- 
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periraents should serve, however, to demonstrate the beneficial effect of a 
high local concentration of the drug in controlling infection. 

While Groups V and VI fail to show any difference in the effectiveness 
of treatment because 100 per cent survival resulted in both experiments, 
Stafford (1942), 12 in contrasting two series of acute appendicitis with 
peritonitis and abscesses, showed that the incidence of secondary com- 
plications were decreased following the use of sulfathiazole by mouth 
or intravenously. From these observations it would appear that the 
sulfonamides should be given by both the intraperitoneal and other 
routes to establish a high local concentration and maintain the desired 
systemic drug level in the treatment of peritonitis. 

A suspension of sulfathiazole in contradistinction to the dry powdered 
form of the drug is apparently more uniformly distributed and shows 
little tendency to “cake” or act as an irritating foreign body and may 
permit the use of this more powerful bacteriostatic agent instead of 
the more toxic and less active sulfanilamide, which has been favored for 
intraperitoneal insufflation because of its more suitable physical prop- 
erties. 

The value of using sulfathiazole locally in the peritoneal cavity in 
conjunction with sueeinylsulfathiazole, when employed to alter the 
bacterial flora of the intestinal tract 13 ' 10 prior to elective surgery on 
the large bowel, becomes evident and is advocated as an additional ad- 
juvant to modern surgery of the colon whenever soiling occurs during 
operation. 

SUMMARY 

1. A method for maintaining a therapeutic concentration of sulfa- 
thiazole in experimental animals over a long period is described. 

2. A simple preparation for the production of a generalized peritonitis 
well suited to the study of the value of chemotherapeutic agents is pre- 
sented. 

3. A study of the bacterial flora of the duodenum and upper jejunum 
is reported. 

4. The value of sulfathiazole when applied locally to the peritoneal 
cavity is assessed as compared to its usefulness when administered so 
as to maintain a relatively high general tissue concentration. 

5. The suggestions are made that a suspension of sulfathiazole may he 
more suitable than the dry powder for intraperitoneal administration 
and that repeated intraperitoneal injections may be advisable in gen- 
eralized peritonitis. 

G. The results of this study indicate that the intraperitoneal admin- 
istration of sulfathiazole should be fortified by maintaining a high 
systemic concentration of the drug by other therapeutic routes when 
necessary. 

7. The combined use of sueeinylsulfathiazole and sulfathiazole as an 
adjuvant to surgery of the large bowel is advocated. 
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taining a high local concentration of sulfathiazole in the area of infec- 
tion. These observations logically suggest a possible value of repeated 
injections of a suspension o£ sulfathiazole into the peritoneal cavity 
in the presence of a generalized peritonitis, without localization, to 
maintain a sustained high local concentration of the drug over an ex- 
tended period. 


Table 6. -Loop washed with iocc of physiologically norma l salt solution 
0,5 qrams of sulfathiazole per kilo of body weight suspended 
in xoccof % injected into the open duodenojejunal loop 05 gm. 
of sulfathiazole per kilo of body weight suspended in 20 « of %deposited. 
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n, V and VI cannot be compared directly with the preceding 
broup drug h ad been placed in the loop and probably 

to attenuate the organisms, inhibit their growth, or prevent the 
served t quantities of sulfonamide inhibitors by the meta- 

formation 0 t, , ia in tIle loop, so that these elements contain- 

bolic action 0 > abdofflinal cavi ty to a lesser degree.” These ex- 

inated the g 



ANOXIA AND ANESTHESIA IN I NT HA THO R A Cl C 
OPERATIONS 

A Clinical Study"' 

W. E. Adams, M.D., T. F. Thornton, Jr., (» Y imitation), 

A. J. Carlson, M.D. (by invitation), and H. M. Livingstone, 

M.D. (by invitation), Chicago, III. 

(From the Department of Surgery of the University of Chicago) 

\ NOXIA, a diminution, in the normal amount of oxygen in the various 
A tissues and organs of the body, was the most important single 
factor which delayed the development of surgical operations for lesions 
within the thoracic cavity. Since the heart and lungs are chiefly respon- 
sible for supplying oxygen to the tissues, alteration of them function 
by opening the chest led to serious consequences. The ill efteets oi an 

open pneumothorax on cardiorespiratory function ™ %*** f f » 
long ago as the sixteenth century by the anatomist Vesa ms to lus 
students. He also demonstrated to them, by the use of a iced m the 
trachea, how these deleterious reactions could be prevented 
by repeated inflation of the lung. Before the 

surgical principles by Listed and the development of diagnost e met ds 
(Roentgen , 3 and Killian*), the experimental findings of \ esalius could 
not be applied in clinical practice until within the last two or tlnee 

The importance of anoxia occurring during surgical procedures m 
general has recently received more attention (McClure and associate 
and Sclmedovf and associates”). The clue investigation has b en 
directed toward the anesthetic agent used and the amount of a c la 

oxygen during the operative procedure. . . . » 

fee anesthetic agent of choice and the method of administration for 
intrathoracie operations continue to he eontroyers.a prob ems. Some 
anesthetists or surgeons prefer cyclopropane. uhile otheis pi fe 
ether 9 ethvlene 10 or spinal anesthesia. 1 Opinions aie also dmded as 
to whether' an intratracheal catheter is advisable and, if so, in what types 
of patients or diagnostic conditions A »• »*» Most surgeons at the present 
time are agreed that the anesthetic mixture should be administered under 
mild positive pressure when the pleural cavity is opened 

Since alteration of cardiorespiratory function is apt to occur when 
the pleural cavity is opened, the role of anoxia assumes even greater im- 
portance in intrathoracie operations. 

XT , vmvmorW in part by a Brant from the Douglas Smith Foundation 

r the University of Chicago. 

f Prv'-inteil at tlie meeting of the Society of University Surgeons. Chicago. 111., Feb. 

11-1 3, 'A 9 13. 
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Table I 

Contributory Factors in the Production of Anoxia During Intrathoracic 

Operations 


DECREASED EFFICIENCY OF THE RESPIRATORY EFFORT 
Open chest 

1. Loss of negative intrapleural pressure 

2. Movement of mediastinum 

•'!. Inefficient muscular activity 

Position on table 

1. Interferes with chest motion 

2. Good lung dependent 

Diaphra gmatic paralysis 

DECREASED VENTILATION OF LUNG 

Obstruction of airway by secretions 
Collapse of lung 
Removal of lung 
Disease of lung 

1. Inflammatory 

2. Neoplastic 

3. Emphysema — asthma 

4. Fibrosis 

DECREASED CARDIAC OUTPUT 

Obstruction of veins and auricles by retractors and lap pads 
Increased intrabronchial pressure 
Abnormal cardiac action 

1. Tachycardia 

2. Flutter 

3. Fibrillation 

ALTERATION OF O. TRANSPORT MEDIA 

Anemia 

Blood loss during and following operation 

Arteriovenous shunt (collapsed iupg) 

of the dependent side. Following the operation the air passages are 
thoroughly cleared by bronehoscopic aspiration. 

Attention must be given to the careful use of large, moist gauze packs 
and retractors since little pressure is needed to obstruct the blood flow 
through large veins, or to compress the auricles, thus leading to decreased 
cardiac output and lowering of systemic blood pressure. 

Many patients requiring operations within the chest have some degree 
of anemia when first seen. Since normal cardiac action and sufficient 
respiratory reserve with adequate gas exchange in the lungs will not 
compensate for lack of hemoglobin, treatment of this anemia with blood 
transfusion is indicated. In addition to the administration of blood 
before surgery, a continuous transfusion of nOO to 1,000 c.c. (or at times 
more) during operation is almost routine at our clinie. This is usually 
no more than replacement of blood lost during and immediately follow- 
ing the operation and goes far in the prevention of anoxia as well as 
shortening convalescence. This blood is given before any evidence of 
shock appears. 

In a previously reported series of intrathoracic operations, 10 no blood 
transfusions were given in the operating room and no symptoms of 
shock were observed. However, postoperative hematocrit studies re- 
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contributory factors in tiie production of anoxia in 

IXTRATIIORACIC OPERATIONS 


In the transportation of oxygen from an inhaled gas to various tissues 
of the body, certain factors especially related to inlrathoraeic operations 
may play a major part in the development of anoxia (see Table I). 
When the pleural cavity is opened there is an immediate reduction of 


negative pressure on the opposite side. With each inspiratory effort the 
mediastinum is pulled toward the unoperated side, thus further reducing 
the effectiveness ot the respiratory effort. The hindrance of action of 
the respiratory muscles may be considerable, due to the use of self- 
retaining rib spreading retractors and the side position with slight 
Trendelenburg on the operating table, particularly in older, obese, or 
debilitated patients. Thus, it is obvious that decreased efficiency of the 
respiratory effort can materially reduce the amount of gas exchange 
within the lungs and lead to the development of anoxia. 

Ventilation of the lung may he further decreased by obstruction of 
the air passages with mucus, pus, or blood. This is more likely to occur 
in patients with suppurative diseases of the lung. The vital capacity 
may be already considerably reduced due to inflammatory, neoplastic, 
or degenerative changes in the lung, and will be further reduced by 
collapse of the lung when the pleura is opened. 

It is a well-known fact that the respiratory reserve of a normal man 
or animal is high, several times the amount of function ordinarily 
needed (Graham, 10 Phillips and co-workers, 17 and Rasmussen and co- 
workers 13 ). It has also been repeatedly demonstrated that operations 
in the open thorax may be made under spinal anesthesia with little or no 
positive pressure applied to the tracheobronchial tree (Edwards, 11 and 
IMagill 19 )- However, since many patients needing intrathoracic opera- 
tions already have a reduction in the respiratory reserve, most surgeons 
have agreed that a mild increase in the intrabionchial pressure is ad- 
visable during these procedures. This pressure should not be so high 
as to obstruct the flow of blood through the Jungs, thus producing de- 
creased cardiac output with a resultant drop in systemic blood pressure, 
but only enough (4 to S mm. Hg) to stabilize the mediastinum and keep 


he lungs partly inflated. 

Obstruction of the air passages may be obviated by preoperative 
omoval of secretions and pus by postural or hvonchoscopie drainage. 
burin 0, operation, a slight lowering of the head of the table (20 to 
, n de ^. ee s) will aid in the removal of mucus and pus by gravity 
. ° Tll m+ients having a productive cough, bronchoscopic aspirn- 
araina§ u' onerathm room following surgery is the routine in this clinic, 
tion in i , { ^bronchiectasis, Blades and Graham- 0 have advocated 
In cases o t j ie table during operation to aid in “internal 

elevation of 1 f m the lobes to be removed into the lower lobe 

drainage” of secretions from 
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Deed for deep anesthesia. At one time ethylene plus oxygen alone was 
used and the percentage of ethylene was increased when deeper anes- 
thesia was needed. It was found, however, that in patients with 
pulmonary suppurative disease this was at times unsatisfactory be- 
cause of symptoms of anoxia and we have since added ether and more 
oxygen, thereby obtaining deeper anesthesia and better oxygenation. 
During the closure of the chest wall in this latter group of eases, nitrous 
oxide-oxygen is substituted and explosive mixtures in machines are re- 
moved from the room. This permits the use of hronchoseopic aspiration 
for the thorough clearing of the air passages of pus and secretions at 
the end of operation. 

The anesthetic agent in this series of operations has been administered 
under slight positive pressure (4 to 8 mm. Eg) using the semiopen 
system with a snug-fitting face mask. An intratracheal catheter has 
only occasionally been employed and this was in patients with bilateral 
bronchiectasis who were raising a large amount of sputum. It has not 

Table II 


Diagnosis, Number and Cause of Postoperative Deaths Occurring in 51 Intra- 
thoracic Operations (15 Patients) 


DIAGNOSIS 

NO. OF 
PA- 
TIENTS 

NO. OF DEATHS 

time of 
death 

CAUSE OF 

death 

Carcinoma of lung 

9 

1 exploratory tho- 
racotomy 

2 pneumonectomy 

3 days P.O. 

2 weeks P.O. 
2 weeks P.O. 

Pulmonary edema 

Anuria 

Pericarditis 

mm 

10* 

1 bilobectomy 
(bilateral 
bronchiectasis) 

4 days P.O. 

Pneumonia 

Carcinoma of esopha- ] 
gus or stomach 

1 

2 carcinoma of 
cardia resection 

S days? P.O. 

1 (lav P.O. 

.Massive empyema 
Cardiac failure 

(Benign stricture, 11 

mm 




Mediastinal tumor or 
cyst 

3 

None 

- 


Malignant hypertension 

8 

None 

- 

- 

(14 operations) 





Constrictive pericarditis 

2 

None 

- 


Patent ductus arterio- 

I 

None 

- 


sis 






•One cane of infected cyst of tin* lunjy and one of chronic infection of the lung 
Jire included in this group. 


been found necessary in other patients, and the elimination of irritation 
of the tracheal mucous membrane from the presence of a foreign object 
for a period of time, we feel, has definitely improved the convalescence 
< period. At the termination of the operation, complete obliteration of 
the pleural space through re-expansion of the lung was obtained bv 
aspiration of the residual air through a pezzer catheter drain rather 
'him by distention of the lung through the use of a high intrabronchial 
pressure. This prevents the driving of infectious material out into the 
periphery of the lung as well as overdistention and damage of the lung 
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vealed that a moderate to severe grade of anemia was present withou 
evidence of circulatory failure. 

. ®* ncc tiie rc< itiction in arterial blood oxygen may have a severe det 
nmental effect on the patient both during and following the operation 
we have thought it worth while to investigate its frequency and severity 
in our patients. The continual controversy regarding both the most 
desirable anesthetic agent and the proper method of its administration 
in inti athoracic operations has been an added stimulus for this inquiry. 
To this end both clinical and experimental studies have been conducted. 
A preliminary report of the clinical work appears elsewhere , 21 and a 
complete report of the experimental investigation will be published in a 
separate communication . 22 

In order to determine the maximum influence of the operative pro- 
cedure as well as the anesthesia on arterial blood oxygen, specimens 
of arterial blood were taken near the end of the operation just before 
closing the pleural cavity. These were obtained from the radial or 
brachial artery using a mercury tenonometer. This sample was then 
compared with samples of arterial blood obtained during the twenty- 
four hours prior to operation, and again four to fourteen days following 
operation. Erythrocyte count, hematocrit, hemoglobin, and oxygen con- 
tent determinations were made on these specimens of arterial blood. 
The oxygen content was determined according to the Van Slyke-NeilP ' 
manometric method and the value recorded in volume per cent. The 
anesthetic record of each patient showed the per cent of oxygen in the 
anesthetic mixture when the sample of arterial blood was obtained as well 
as the average percentage of oxygen used during the entire operation. 
This was then compared to the oxygen in the three samples of arterial 
blood- All blood oxygen determinations were made in duplicate. 

In the preparation of our patients for intrathoracic operations, atten- 
tion has been given to blood transfusion in patients with anemia, and 
to postural or bronchoscopic drainage in patients with suppurative 
disease of the lung. In patients with esophageal obstruction due to carci- 
noma of the esophagus or cardia, water and electrolyte losses are replaced 
and the nutritional state improved before undertaking the operative pro- 
cedure. During this study most of our patients received morphine (0.010 
to 0.015 Gm. [hypodermic]) and calcium nembutal (0.18 to 0.27 Gm. in 
50 ce ‘of water per rectum) one and one-half hours before anesthesia. 
The dosage varied according to the age, size, sex, and general condition 
of the patient. In patients with hypertension, avertin (approximately 70 
SO ra o. /kilogram) was sometimes employed for basal anesthesia, par- 
ticularly when°N,0-0 .. anesthesia was to be used because of the presence 
of electrical devices. 

anesthetic mixture used for these operations for the most part 
1 , , lus 0X v<mn or ethylene-oxygen plus ether. The anesthetic 

was ctny e i " ° n t ] ic degree of resistance of the patient and the 
mixture depen.net i 


ADAMS ET AL. : AXOXIA AXD AXESTHESIA 


865 


of the entire thoracic sympathetic chain and usually included the first 
lumbar ganglion. The operating time for this group averaged two 
hours. 

With the exception of patients Nos. 2, 5, and 6 the condition of the 
preoperative blood was within normal limits. In Nos. 5 and 6 the 
hypertension was so great that a transfusion for correcting a marked 
anemia was thought to be hazardous. 

Throughout this group the state of the arterial sample taken at opera- 
tion showed little change from that of the preoperative specimen. The 
oxygen values of some patients were higher during operation, while 
others were slightly better before operation. The postoperative samples 
will be discussed later. With the exception of patients Nos. 4, 5, and 6 
no anoxia was observed; however, Nos. 5 and 6 were actually improved 
in comparison to their preoperative state. In spite of the degree of 
anoxia present in this patient (A. P.) no cyanosis was observed because 
of the degree of anemia present. 

The percentage of oxygen used in the anesthetic mixtures varied from 
12 to 40. Equally satisfactory' blood oxygenation was obtained with the 
four different anesthetic mixtures used. 

Carcinoma of the Esophagus or Cardia (Table V). — Of the twelve 
operations in this group, six were resections and six were only' explora- 
tions. Due to the nature of the condition all operations lasted at least 
two hours and some resections required four hours. The majority of 
these patients required opening of the diaphragm in addition to the 
thoracotomy' wound; and in some either a gastrostomy, gastroesophagos- 
tomy, or a cervical esophagostomy was made. As a group they were 
considered a better operative risk than those in Table IV, most patients 
being classified as good or fair. There were no anesthetic deaths. With 
the exception of the first patient the preoperativc blood samples showed 
relatively normal values and remained the same during the operation. 
Ten of the twelve operations were made under an anesthetic mixture 
of ethylene plus 13 to 4S per cent oxygen. The preanesthetic medica- 
tion produced marked depression in patient No. 10, thus demanding a 
higher percentage of oxygen in the anesthetic mixture. No cyanosis was 
observed in this group of patients and blood oxygenation was satisfac- 
tory. Tlie postoperative values were often lower than the preoperative 
and operative levels and will he discussed later. 

Carcinoma of the Lung (Table VI). — Nine patients are included in 
this group, in four of whom only an exploratory thoracotomy was made. 
This group as a whole were fair-risk patients, with the exception of 
patients Nos. 2 and 4. The operations lasted for an average of two and 
one-half hours. In patients Nos. 1. 2, 6. and 9 an exploration only was 
made. However, Indore operability could he determined, a considerable 
amount of dissection was necessary in both patients Nos. 2 and 9. 

In patient No. 2 exploration was probably inadvisable due to his 
extremely poor condition. Cyanosis was not present either before or 



864 


SURGERY 


tissue. The pathologic lesions included in this study as well as the post- 
operative deaths are presented in Table II. A variety of operations were 
made on these patients, as shown in Table III. 


Table III 


TYI'E or OPERATION 




NUMBER 

DEATHS 

1. 

Exploratory thoracotomy for: 




Carcinoma of lung 

6 

i 


Carcinoma of esophagus or eardia 

0 

0 

2. 

Pneumonectomy 

3 

2 

3. 

Lobectomy or bilobectomy 

10 

i 

4. 

Extirpation of mediastinal tumor or cyst 

3 

0 

5. 

Partial resection of thoracic esophagus or 
esophagus and stomach 

6 


0 . 

Thoracic paravertebral sympathectomy 

14 

0 

7. 

Pericardectomy (partial) 

2 

0 

S. 

Ligation of patent ductus arteriosis with 
associated subacute bacterial endarteritis 

i 

0 


None of the deaths in this group were related directly or indirectly 
to the anesthesia. One postpneumonectomy death was due to anuria 
following the administration of sulfathiazole in the usual amount. The 
death following exploration for carcinoma of the lung was due to cardiac- 
failure. The operation should not have been made since the arterial 
blood oxygen was only 11.64 volumes per cent before operation. One 
child with bilateral bronchiectasis died of pneumonia four days follow- 
ing a bilobectomy. This was believed to be due to the poor general 
condition and massive and prolonged lung disease. Cardiac failure was 
responsible for one death twenty-four hours following an esophageal 
resection for carcinoma, while a second death was due to leakage ot the 
anastomosis with massive empyema following the resection of SO per cent 
of the stomach and lower esophagus. Most of these deaths occurred 
in poor-risk patients. 

RESULTS 


The results are presented in Tables IV, V, VI, VII, and 1 III. The 
data are arranged to show values of arterial blood samples obtained 
before during, and following the operative procedure and are grouped 
•wm-diirn to The anesthetic agents employed. The anesthetic risks are 
• veu } n °the second column, i.e., E, excellent; O, good; F, fair, and P, 
a , mjjjg risk was determined on the basis of the patient’s general 
condition degree of toxicity, and debilitation, in addition to the local 

Sympathectomy for Essential Hypertension (Table IV).— ■ 
^ 10 .ntimis made on eight patients are included m this group. 

Fourteen opei - 01 . lty these patients were considered only fair or 
Although ie 1 • d<red p v cardiorenal and vascular changes, there 

poor operative ns ’ ortalitV- Each operation consisted of two trims- 
was no operative ^ third and tenth rib-beds) for removal 



Table V 

State op Arterial Bt.oou Beioue, During, and Following Transpleural Operation ton Carcinoma op tiie Esophagus or Cardia 



Si« Table IV for explanation of nbbicvlnttons. 
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and Following the Resection of Lxjng Tissue in 30 Patients 



Intf tinu* in tinur&; Oxygen given, A — average per cent during the entire operation, B — per cent of oxygen being given when arterial hlooii sample 
was obtained. 
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during- the operation due to the marked anemia present. Patient No. 4 
had considerable silicosis in both lungs and showed definite lowering in 
arterial blood oxygen during the operation despite the fact that the 
anesthetic mixture contained a high percentage of oxygen. No other 
patient in this group showed evidence of anoxia. The amount of oxygen 
in the anesthetic mixtures varied from 15 to 41 per cent. Except for 
patient No. 4 there was little difference between the preoperative and 
operative levels of oxygen in the arterial blood. The group was divided 
almost equally as to the anesthetic agents used, four receiving ethylene 
plus oxygen, and the remaining five, ethylene plus oxygen plus ether. 
With the exception ol' the influence of anemia and the poor general con- 
dition of the patients, there appeared to be little difference in arterial 
blood oxygenation between these two groups. The findings in the post- 
operative arterial blood samples will be discussed later. 

Bronchiectasis (Table VII). — Although ten patients are included in 
this group, the diagnosis in patient No. 5 was infected congenital cystic 
disease of the lung and in patient No. 10 chronic inflammation of the 
lung (bilateral). Of all the groups of patients in this study the present 
group was by all odds the most difficult to manage from the standpoint 
of preventing anoxia. An analysis of Table VII revealed several factors 
contributing to this difficulty. The general condition of the patient was 
poor in most eases. Some of the patients had moderate to severe anemia. 
The vital capacity was definitely reduced in almost all, and extremely 
so in one (No. 10). In addition, most of these patients were more or 
less toxic due to the infection of the lungs. Patients Nos. 1, 2, 3, 4, and 
10 had bilateral involvement of the lung. Only three of this group re- 
ceived ethylene plus oxygen as the anesthetic mixture, the remainder re- 
ceiving ether in addition. Most of these patients were given a higher 
percentage of oxygen than those in the other groups in this study, the 
percentage of oxygen ranging from 15 to 40, the average being 27 per 
cent. In spite of this fact more patients of this group had a reduction 
in arterial blood oxygen during the operation (as compared to the pre- 
operative level) than those of any other group. In some cases this 
reduction was extreme, for example, patients Nos. 2, 3, S, and 10. 
Cyanosis was observed in some of these patients 

The duration of operation in this group averaged approximately two 
hours. Aspiration of secretions from the tracheobronchial tree, or 
waiting for improvement of the patient’s condition before continuing 
with the operation, consumed a part of this time. 

There was a noticeable difference in the behavior of the patients with 
unilateral infection as compared to those with involvement of both 
lungs. This is demonstrated by patients Nos. 5, 6, and 7 with unilateral 
involvement, who showed little or no reduction in arterial blood oxygen 
during the operation as compared to that of the preoperative levels. 
These patients were also less anemic and needed less oxygen during 
operation than the bilateral eases; thus indicating that the extent 
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anoxia or of reduction of arterial blood oxygen during the operation as 
compared to the preoperative level. On the other hand, the poor-i'isk 
patients (P. U. and M. L.) developed in one ease marked reduction in 
blood oxygen dui'ing the operation as compared to the preoperative level 
and in the other a small reduction. The first of these patients was 
cyanotic ; but the second, due to the anemia present, showed no evidence 
of cyanosis. 

Table IX 


Influence of General Condition in Production of Anoxia 



GOOD 

POOR 

0. s. 

S. (V) 

2. E. s 

(VIII) 

2. F. U. (VII) 

2. SI. L. (VI) 

PREOP. 

OP. 

PREOP. 

OP. 

PREOP. 

OP. 

PREOP. 

OP. 

Hb. 

94 

po 

100 

IDS 

TTT 

■rim 

90 

KH 

B.B.C, 

4.2 

4.1 

5.2 

5.0 

w&M 

Hil 

4.S 


Hemat. 

38 

34 

44 

44 

37 


32 


Oxygen 


24 


28 


35 



Oxygen Av. 




20 


35 


40 

Blood 0, 

16.75 


18.16 

2 1.7 2 

18.16 

11.66 

11.64 

11.10 


The patient's number, initials, and table from which taken are indicated. Note the 
lack of anoxia during operation in the good-risk patients as compared with the poor- 
risk cases. 


Abbreviations: Hb., hemoglobin, R.B.C., red blood ceils; Hemat., hematocrit; 
Oxygen, oxygen received by patient at the time the blood sample was drawn : Oxygen 
average, average percentage of oxygen received during the entire operation ; Blood O:. 
arterial blood oxygen. 

Local Disease . — As mentioned in the discussion of the results shown 
m Table VII patients with suppurative disease of the lung developed 
anoxia or at least a lowering of arterial blood oxygen during operation 
far more than patients with any other intrathoraeic condition. These 
patients usually had some reduction in respiratory reserve. The disease 
condition had been present usually for a number of years, thus putting a 
strain on the heart. Most of these patients had a low-grade fever thus 
showing some degree of toxicity. All of these factors probably con- 
tributed in the reduction of tolerance to endure an intrathoraeic opera- 
tion. On the other hand, patients with mediastinal tumors or cysts, 
patients receiving operations for essential hypertension, and patients 
with carcinoma of the esophagus, cardia, or lung where no infection was 
present revealed little evidence of arterial blood oxygen reduction during 
an intrathoraeic operation. 

Condition of the Blood . — The results seen in Table X demonstrate the 
influence of anemia on arterial blood oxygen. The normal patient 
(C. P.) showed no change in the arterial blood oxygen taken during 
operation as compared to the preoperative reading, both being within 
flic normal limits. This patient received an anesthetic mixture contain- 
ing only 13 per cent of oxygen during the operation. Patients A. M. 
mid A. P. showed a considerable anemia prior to operation, with marked 
reduction in arterial blood oxygen. Neither of these patients was 
cyanotic during the operation, although the arterial blood oxygen was 
under the cyanosis level, thus indicating that in anemic patients cyanosis 
is a poor sign to expect as an indication of anoxia. Unfortunately, 
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and distribution of the disease was the major factor in the marked 
lowering in blood arterial oxygen during operation in the bilateral cases. 

The condition of the arterial blood following operation will be dis- 
cussed later. 

Miscellaneous Intrathoracic Operations (Table VIII). 

Mediastinal Cysts or Tumors: Only* three iiatients were studied. The 
geneial condition was quite good in all three. The operation lasted an 
average of two and one-lialf hours. None of these patients were anemic 
and the preoperative arterial blood oxygen was fairly normal. There 
was little or no reduction in blood oxygen during the operation. The 
percentage of oxygen used in the anesthetic mixture averaged around 
26. One of the three patients received ethylene plus oxygen, while in the 
other two ether was added. There was little difference noted between 
the two anesthetic mixtures with regard to the level of blood oxygen. 

Operations on the Heart and Great Vessels: This group included 
two patients in whom partial pericardectomy was performed and in both 
cases the pleural cavity was opened. The third case was a transpleural 
ligation of a patent ductus arteriosus (and subacute bacterial endar- 
teritis). Only the latter of these three revealed an anemia and this was 
quite marked. In the former two cases the blood oxygen was relatively 
normal prior to operation but in the latter (Case No. 6) the arterial 
blood oxygen was only 10.4 volumes per cent. In spite of this there was 
no cyanosis, due to the degree of anemia present. Following closure of 
the ductus, and before closing the pleural cavity, the arterial blood 
oxygen had become elevated about 45 per cent over the preoperative 
level. 

One of the pericardectomies (patient No. 5) showed some lowering of 
blood oxygen during the operation. This patient had received ethylene 
plus 13 per cent oxygen as the anesthetic mixture. 

The postoperative arterial blood values will be discussed later along 
with the other groups. 


DISCUSSION OP RESULTS 

It is obvious from the above presentation of the results obtained that 
several factors were contributory in the production of anoxia in these 
intrathoracic operations. Several of these factors were present in some 
of the groups of patients, whereas in others they appeared to be less 
prominent. In order to bring out the importance of various factors in- 
volved, a comparison of the results of blood studies in different patients 

was made. . . „ rn 1 1 tv 

General Condition of the Patient .— It is obvious from Table IN 

which presents the results in four patients, two designated as good risks 
and two as poor risks, that this factor alone plays a major role m the 
1 a ,+,y m of anoxia. With other factors being equalized as well as 

possible, the good-risk (S ' S ' E ' SJ Kve “ M n ° 
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anoxia or of reduction of arterial blood oxygen during the operation as 
compared to the preoperative level. On the other hand, the poor-risk 
patients (F. U. and If. L.) developed in one case marked reduction in 
blood oxygen during the operation as compared to the preoperative level 
and in the other a small reduction. The first of these patients was 
cyanotic ; but the second, due to the anemia present, showed no evidence 
of cyanosis. 

Table lit 


Influence of General Condition jn Production or Anoxia 



GOOD | 

POOR 

6. S. S. ( V> j 

2. E. S. 

(van) 

1 2. F- v. (rn) I 

! 2. JI. L. (VI) 

; PREOP. 

OP. 

PREOP, 1 

OP. 

1 PREOP. j 

OP. 

! PREOP. 

OP. 

Hb. 

94 

£?2 

■ESI 

109 


! 102 

90 

8S 

R.B.C. 

4.2 

4.1 

■SB 

5.0 

■S9 

4.2 

4.S 

4.S 

Hemat. 

38 

34 

44 

44 

•j i 

39 

32 

31 

Oxygen 


2i 


28 


35 i 


40 

Oxygen Av. 




20 


35 


40 

Blood 0, 

lti.TS 


1S.1G 

21 '2 

1S.1G 

11.6(5 

11.64 

11.1 0 


The patient’s number, initials, and table fiom which taken are indicated. Note the 
lack of anoxia dining operation in the g-oort-nsk patients as eomrared with the poor- 
risk cases. 


Abbreviations- Hb , hemoglobin R B.C , red blood cells. Hemat., hematocrit, 
Owgen, oxjgen received b.v patient at the time the blood sample was drawn. Oxjgen 
average, average percentage of oxvgren received during the entire operation, Blood CL, 
arterial blood o\3 gen. 

Local Disease. — As mentioned in the discussion of the results shown 
in Table VII patients with suppurative disease of the hmg developed 
anoxia or at least a lowering of arterial blood oxygen during operation 
far more than patients with any other intrathoracic condition. These 
patients usually had some reduction in respiratory reserve. The disease 
condition had been present usually for a number of years, thus putting a 
strain on the heart. Most of these patients had a low-grade fever thus 
showing some degree of toxicity. All of these factors probably con- 
tributed in the reduction of tolerance to endure an intrathoracic opera- 
tion. On the other hand, patients with mediastinal tumors or cysts, 
patients receiving operations for essential hypertension, and patients 
with carcinoma of the esophagus, cardia, or lung where no infection was 
present revealed little evidence of arterial blood oxygen reduction during 
an intrathoracic operation. 

Condition of the Blood. — The results seen in Table X demonstrate the 
influence of anemia on arterial blood oxygen. The normal patient 
(C. P.) showed no change in the arterial blood oxygen taken during 
operation as compared to the preoperative reading, both being within 
the normal limits. This patient received an anesthetic mixture contain- 
ing only 13 per cent of oxygen during the operation. Patients A. M. 
and A. P. showed a considerable anemia prior to operation, with marked 
reduction in arterial blood oxygen. Neither of these patients was 
cyanotic during the operation, although the arterial blood oxygen was 
under the cyanosis level, thus indicating that in anemic patients cyanosis 
is a poor sign to expect as an indication of anoxia. Unfortunately, 
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TABf.K X 


Influence of Disease Condition o.v the Production' of Anoxia 



MEDIASTINAL 

TUMOR 

1. A. G. (VIII ) 

HYPERTENSION 
3. J. L. (IV) 

CAR. OF THE 
LUNG 

8. R. T. (VI) 

bronchiec- 

tasis 

3. F.M. (VII) 

| PREOP. | 

OP. 

| PREOP. 

i OP. _ I 

| PREOP. 

1 0P - 1 

PREOP. 

OP. 

Hb. 

warn 

90 

UK 


n iim 

KM 

90 

104 

B.B.C. 

msM 

4.3 

■ 


HB 

KH 

4.7 

4.7 

Hernat. 

38 

37 


Kim 

mmm 

34.5 

41 

42 

Oxygen 


29 




40 


25 

Oxygen Av. 

! 

23 


20 


30 



Blood 0, 

■ 10.83 

15.30 

18.82 

IS. 90 

15.04 

15.51 

19.02 

12.44 


The patient’s number, initials, and table from which taken are indicated. Anoxia 
was seldom observed during operation in the first three groups of patients but was 
often present in the bronchiectasis patients. 


See Table IX for abbreviations. 


it is in an anemic individual that early signs of anoxia must be recog- 
nized in order to prevent disastrous results. The blood oxygen during 
operation was actually slightly higher than the preoperative level, al- 
though the anesthetic mixture contained only 15 per cent oxygen. 

Anesthetic Agent . — Most of the patients in this study received either 
ethylene plus oxygen or ethylene-oxygen plus ether. With the exception 
of the group in Table VII (bronchiectasis), little difference was noted 
between the two anesthetic mixtures in the maintenance of satisfactori- 
blood oxygen during the operation. It was soon noticed that an in- 
crease in the percentage of oxygen given would not necessarily com- 
pensate for other factors which tended to produce anoxia. Ether added 
to ethylene-oxygen was of definite advantage in the production of 
deeper anesthesia without reduction of the percentage of oxygen below 
the desirable level. Taking the groups of patients as a whole, 17 to 20 
per cent oxygen was found adequate for the prevention of anoxia. 

Influence of the Duration of the Operation on the Production of 

Anoxia. That long operations are much more poorly tolerated than 

short ones, an impression that has long been prevalent, was not sub- 
stantiated by this study. When other factors which are influential n 
the production of anoxia were controlled, long operations were toleratei 
as well as the shorter ones. In this series of patients the operating t me 
varied from approximately one and one-half to four hours. Samples 

various dubious of operation are as follows: (1) One and on 
? p r, (No 2), Table IV; (2) two hours, H. L. (No. S), 'tabic v , 
horns P. • ( T a bl G VI, and (4) four hours, P. A. (No. 

^ 'm, h V In each of the above four patients, oxygenation of the 
12 ^ - i' v 1 nd near the end of the operation was as good or better than 
artena 0 although the operation in patient No. 4 lasted alinos 

before the opeiat ° of No . 1. In order to obtain these results, 

three times as ^ replacement of blood loss and to the mam- 

attention was J gn diQ Jratory function. 

tenance of sufhc ^ operat j ons ma y be well tolerated, for undue 

It is fortunate^o^.® procedures would not be for the good of the 

patient. 
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Table XI 


Decreased O. Transporting Media in the Production of Anoxia 



NORMAL 

ANEMIA 

9. c. r. (v) 

1. A. SI. (V) 

5. a. p. (rv) 

PREOP. 

OP. 

PREOP. 

OP. 

PREOP. 

OP. 

Hb. 


102 

76 

■PK 1 


■ffmAv 

R.B.C. 

■ ■ 

4.9 

4.0 


■UK 

■ 

Hemat. 


40 

34 


27 


Oxygen 


13 


15 


15 

Oxygen Av. 


13 


15 


15 

Blood 0, 

1S.01 

17.98 

12.57 

13.81 

10.91 

11.26 


Patient’s number, initials, and table from which taken are indicated. A similar 
degree of anoxia before and during operation was observed in these patients. 

See Table IX for abbreviations. 


Bronchial Obstruction and Decreased Vital Capacity . — It has already 
been mentioned that intrathoracie operations for suppurative disease 
of the lung such as bronchiectasis and lung abscess were the least well 
tolerated in this series of patients. Three major factors play an im- 
portant part in the production of anoxia in this group of patients, viz., 
(1) decreased vital capacity, (2) bronchial obstruction, and (3) some 
degree of toxicity. In addition, many of these patients have consid- 
erable anemia. In the group of ten patients studied the average 
preoperative arterial oxygen level was only 16.7 volumes per cent and 
in seven of these a fall of from 2 to 7 volumes per cent resulted during 
the operation in spite of the fact that a high per cent of oxygen was 
used in the anesthetic mixture, and that blood transfusions were being 
given during the operation. Several of these patients (five) had bilateral 
disease and in these the lowering of blood oxygen during operation was 
more severe. Some of these patients were not cyanotic and revealed no 
other obvious signs of anoxia until the blood was analyzed. When the 
preoperative blood oxygen is as low as 14 or 15 volumes per cent in the 
presence of an anemia an alarming degree of anoxia may result before 
obvious signs or symptoms are manifest. 

Obstruction of the air passages during operation may be considerably 
obviated by postural drainage both before and during operation and by 
bronchoseopic aspiration at the conclusion of the operation. This routine 
has usually been used in our patients. In a few patients an endotracheal 
catheter was employed during the operation. In spite of the previously 
mentioned precautions, some obstruction of the air passages by secre- 
tions, blood, or pus is apt to occur and interfere with ventilation of the 
blood. Reduction in blood oxygenation by poor ventilation cannot be 
completely compensated for by increasing the percentage of oxygen in 
the anesthetic mixture used. Blades and Graham 20 have thought it ad- 
visable to elevate the head of the table during operation in patients with 
bilateral bronchiectasis. The secretions from the upper lobes then tend 
to drain into the lower lobe of the dependent side, thus keeping the 
trachea clear. At the conclusion of the operation, bronchoseopic aspi- 
ration of the accumulated secretions is carried out. 
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Table X 


Influence of Disease Condition on tjie Production of Anoxia 


*. 

. 

MEDIASTINAL 

TUMOR 

1. A. G. (VIIl) 

HYPERTENSION 
3. J, L. (iv) 

CAR. OF THE 
LUNG 

8. R. T. (VI) 

BRONCHIEC- 

TASIS 

3. KM. (VII) 

PREOP. 

OP. 

PREOP. 

1 OP. 

| PREOP. 

| OP. 

PREOP. 

OP. 

Hb. 

93 

90 

100 



wnm 

96 

104 

R.B.C. 

4.1 

4.3 

5.1 

■ H 

mtwi 

mm 

4.7 

4.7 

Hemat. 

3S 

37 

35 



34.5 

41 

42 

Oxygen 


29 

i 

1 20 


40 


25 

Oxygen Av. 


23 


20 


30 


20 

Blood 0, 

- 16.85 

15.36 

18.82 

18.96 

15.04 

15.51 

19.62 

12.44 


The patient's number, initials, and table from which taken are indicated. Anoxia 
was seldom observed during: operation in the first three groups of patients but was 
often present in the bronchiectasis patients. 


See Table IX for abbreviations. 


it is in an anemic individual that early signs of anoxia must be recog- 
nized in order to prevent disastrous results. The blood oxygen during 
operation ivas actually slightly higher than the preoperative level, al- 
though the anesthetic mixture contained only 15 per cent oxygen. 

Anesthetic Agent. — Most of the patients in this study received either 
ethylene plus oxygen or ethylene-oxygen pins ether. With the exception 
of the group in Table VII (bronchiectasis), little difference was noted 
between the two anesthetic mixtures in the maintenance of satisfactory 
blood oxygen during the operation. It was soon noticed that an in- 
crease in the percentage of oxygen given would not necessarily com- 
pensate for other factors which tended to produce anoxia. Ether added 
to ethylene-oxygen was of definite advantage in the production of 
deeper anesthesia without reduction of the percentage of oxygen below 
the desirable level. Taking the groups of patients as a whole, 17 to 20 
per cent oxygen was found adequate for the prevention of anoxia. 

Influence of the Duration of the Operation on the Production of 

Anoxia. That long operations are much more poorly tolerated than 

short ones, an impression that has long been prevalent, was not sub- 
stantiated by this study. When other factors which are influential m 
the production of anoxia were controlled, long operations were tolerated 
•is well as the shorter ones. In this series of patients the operating time 
varied from approximately one and one-half to four hours. Examp es 
of various durations of operation are as follows.- (1) One and one-lm 
P T (No 2) Table IV; (2) two hours, H. L. (No. S), Table , 
m three hours, P. K. (No. 9), Table VI, and (4, four hours F. A- (No 
Table V. In each of the above four patients, oxygenation of t 
’ ■ ni ml near the end of the operation was as good or better than 
arteria o although the operation in patient No. 4 lasted almost 

before the opeiatm a tnm ^ ^ ^ ^ ^ obtain these results-, 

tlu , ee times as Ion ^ rep]aecment of b i 00 d loss and to the mam- 
attention ° car diorespiratory function. 

tenance of s operations may be well tolerated, for undue 

Xt is £oltUna iu C tl , at i 1 oracic procedures would not be for the good of the 

patient. 
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Thus, it is evident from the above studies that several factors may 
contribute to the production of anoxia both during and following intra- 
thoracie operations. Also, that the ill effects of one or more factors 
might not be entirely compensated by improving the patient otherwise. 
Attention should be given to the various steps in the transportation of 
oxygen from the inhaled gas to the tissues and it should be ascertained 
that the organs are functioning properly before an operation is done. 
This will include transfusion of blood in patients with anemia, improve- 
ment of the nutritional state of patients with esophageal obstruction, and 
postural or bronehoscopie drainage for patients with pulmonary infec- 
tion. During the operation, blood transfusion will maintain a more 
nearly normal oxygen transporting medium in the blood and postural 
drainage will help to maintain a patent airway. 

The question of anesthesia mixtures continues to be a subject of con- 
siderable controversy. We are in agreement with Churchill and Beecher 9 
that ether appears to have no more harmful effects than ethylene 
or cyclopropane in these patients. Since ethylene is rapid and 
pleasant for induction, is non-irritating, is administered in a physio- 
logically normal amount of oxygen, and is undisturbing to the cardiac 
mechanism, we have considered it somewhat more advisable and have 
added ether vapor when indicated in sufficient amounts to obtain the 
desired depth of anesthesia. It has been well demonstrated by these 
recorded studies that a high percentage of oxygen in the anesthetic 
mixture does not necessarily mean that the blood oxygen levels will be 
correspondingly increased. From the studies made, it appeared that 
from 17 to 20 per cent oxygen in the anesthetic mixture was sufficient for 
satisfactory oxygenation of the blood in all except the patients with 
bronchiectasis or other suppurative processes of the lung. In these 
patients a higher percentage of oxygen is desirable, but it should not be 
the source of false security. To have administered 50 to 60 per cent of 
oxygen in the anesthetic mixture does not necessarily mean that the 
patient is able to make use of the oxygen received. 

SUMMARY AND CONCLUSIONS 

1. Aii investigation of the incidence of anoxia both during and 
following intrathoraeic operations has been made in forty-five patients 
(fifty-one operations). 

2. The operations were made for carcinoma of the lung (9) ; medias- 
tinal tumors or cysts (3); malignant hypertension (S) ; constrictive 
pericarditis (2); bronchiectasis (10); carcinoma of esophagus or 
stomach (12), and patent ductus arteriosus (1). 

3. Ethylene-oxygen or ethylene-oxygen plus ether anesthesia adminis- 
tered under mild positive pressure (4 to S nun. Hg) through a snug 
fitting face mask was employed in most cases. 

4. Anoxia was seldom observed during the operation in patients who 
bad no infection of the lung. Factors which played a major part in 
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Table XII 


Postoperative Anoxia in 4 Patients With Normal Blood Oxygen Before 
and During Surgery 



i 12. P. A. (V) 

1 s. e. (v) 


PREOP. 

OP. 

P.O. 

PREOP. 

OP. 

i'.o. 

Hb. 

114 

110 

ioo 

90 

94 

ud 

R.B.C. 

5.2 

5.1 

5.2 

4.3 

4.7 

4.4 

Hemat. 

42 

41 

32 

40 

40 


Oxygen 


40 



15 


Oxygen Av. 


37 



15 


R'ond 0, 

19.17 

21.52 

13.69 

19.40 

1 7.35 

H.G2 


I i. a. o. (vm ; 

1 

5. B. II. (v) 


j PREOP. 

| OP. 1 

P.O. 

PREOP. 

CP. 

P.O. 

Hb. 


IllH 

78 

116 

JLI4 

82 

R.B.C. 




5.0 

4.7 

4.5 

Henuit. 



34 

46.5 

47 

32 

Oxygen 


29 



15 


Oxygen Av. 


23 



15 


Blood 0, 

16.85 

15.36 

14.48 

20.98 

• 0 81 

15.35 


The patient’s number, initials, and table from which (alien are indicated. Twelve 
of forty-four pat.ents studied, or 27.2+ per cent, showed similar Jesuits. 

See Table IN tor abbreviations. 


Postoperative Anoxia in Patients Having Normal Blood Oxygen Be- 
fore and Daring Operation . — In the above series of patients twelve of 
forty-four revealed a reduction in blood oxygen in the postoperative 
samples where the preoperative and operative blood oxygen was normal. 
Six of these were in the group of patients with carcinoma of the eso- 
phagus or stomach, three in the miscellaneous intrathoracic operations, 
two in the hypertension group, and one patient had bronchiectasis. 
The remaining seven of the fifty-one operations had no postopera- 
tive blood oxygen determinations. Except in the case of bronchiec- 
tasis most of the postoperative reduction in blood oxygen occurred 
in groups where little or no fall occurred during the operation. The 
significance of this is obvious in that a patient who appeared to have 
gone through an operation with little or no difficulty might be less ob- 
served during the postoperative period and the ill effects of the subse- 
quent drop in blood oxygen be unobserved until serious consequences 
had occurred. In Table XII are presented data concerning four patients 
in whom reduction in blood oxygen occurred following operation al- 
though it had remained normal during the operation. It will be noted 
that "this fall was extreme in three of the four cases, approximately a 
nl.mies ner cent. Since the preoperative and operative levels were quite 
0 d in these eases, the postoperative fall led to no serious difficulties. 

° The explanation for this reaction was not entirely clear It was ae- 
11 e , ... • .. art by the oozing of blood within the pleural cavity . 
counte 01 but the amount of blood loss was insufficient to 

following ope ^ ^ anoxia. Examination of the blood showed that it 

explain the e D i development of hypochromatic anemia. It was 

was due in pai re( j ce u count is least reliable for determining 

quite evident ia ^ transportation media. The hemoglobin values 
the state of the o . . => hematocrit most accurate in this regard, 
were more reliable aim 
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influencing the development of anoxia included: the general condition 
of the patient, the state of the blood, the local disease, bronchial ob- 
struction, and decreased vital capacity. 

5. The duration of the operation and the anesthesia appeared to have 
little influence on the production of anoxia when the above contributory 
factor’s were controlled. Ether when added to ethylene-oxygen produced 
deeper anesthesia with associated adequate oxygenation. The adminis- 
tration of a high percentage of oxygen in the anesthetic mixture may 
give a false sense of security if sufficient attention is not given to the 
other factors which play a part in the production of anoxia. 

6. Of fifty-one operations, the blood oxygen level before, during, and 
following surgery remained normal in twenty-one, but was reduced dur- 
ing operation in fourteen. Postoperative reduction in blood oxygen with 
unchanged blood oxygenation during surgery was observed in twelve out 
of forty-four patients (27.2 per eent) in whom postoperative studies 
were made. 

7. The hematocrit reading was a much better index than the red cell 
count or hemoglobin value for the determination of the true state of 
oxygen transporting medium. 

8. There were six postoperative deaths, none apparently related to 
the anesthesia employed. Three deaths were on the basis of cardiac 
failure, a fourth was due to anuria following the use of sulfanilamide, 
a fifth was due to pneumonia following lobectomy on a very poor-risk 
child for bilateral bronchiectasis, and the sixth due to massive empyema 
with leak of the anastomosis following resection of the cardia. 


1. 

2 . 

3. 

4. 

5. 
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7. 
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9. 

10 . 


11 . 
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on dogs with suppuration in the left lung. This is introduced bron- 
ehoseopieally by insufflating the foul sputum of bronchieetatic patients. 
It is hoped that this second group will allow a more critical evaluation 
of the effectiveness of this method, especially as to its clinical application. 

Graham has stated that the virulent type of infection present is very 
instrumental in producing the high incidence of bronchopleural fistula 
postoperatively. He also emphasizes that if simultaneously total thoraco- 
plasty could be done safely, in order to obliterate the potential empy- 
ema space, then he did not think that closure of the stump would con- 
tinue to be anything of major importance. Rienhoff has reported the 
occurrence of bronchopleural fistula in sixteen of sixty-one total pneu- 
monectomies or 26.2 per cent. Ochsner 3 has had a failure of closure of 
the stem bronchus in three of thirty-two total pneumonectomies for 
pneumoplastic diseases, with an incidence of approximately 9 per cent. 
Shenstone® has noted only one open fistula develop in twenty-three 
consecutive total pneumonectomies for a minimal 4 per cent. With the 
exception of the last two series cited, it is very obviously apparent that 
bi’onchopleural fistula in total pneumonectomy is still the important 
factor. 

In this series of twenty-seven experimental pneumonectomies using 
a silver plug as a method of bronchial closure, there were five deaths. 
Only three were considered as resulting from the bronchus opening. 
In the other two the bronchus remained closed. The plug was removed 
bronehoscopically in the twenty-four animals surviving, at intervals 
varying from fourteen days to over twelve months. The three deaths 
due to the plug being coughed up by the animals happened within the 
first two weeks postoperatively. These fatalities occurred early in the 
series because silver plugs of correct size were not available and the 
plugs used were too small. In the last ten animals operated upon 
there have been no deaths. 

EXPERIMENTAL TECHNIQUE 

Normal dogs averaging approximately 8 kg. were operated upon 
under intraperitoneal nembutal and positive pressure anesthesia. Total 
left pneumonectomy was performed in twenty-seven animals using the 
following technique. The usual incision in the fourth left interspace 
was utilized, cutting across the fibers of the latissimus dorsi muscle; 
however, in the last five experiments the gridiron incision was used. 
The pulmonary vessels were individually and doubly ligated with a fine 
braided black silk. A purse string of silk was sutured around the left 
stem bronchus about 1 to IVe cm. distal to the carina. A silver plug as 
described in Fig. 1 (A) was then inserted into the lumen of the stem 
bronchus through a 1 cm. transverse incision in the secondary bronchi. 
The purse string was then tied snugly around the groove in the middle 
third of the silver plug, before cutting away the entire left lung (Fig 1, 
#). The lung was removed 1 to 5 mm. distal to bifurcation of the stem 
bronchus. A flap of tissue 5 mm. in width by 4 mm. in length was 
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T HE lack of a method of permanently closing the stem bronchus was 
one of the most important factors in delaying the advent of the first 
successful total pneumonectomy for bronchiogenie carcinoma in 1933, 
which was performed by Graham. 1 In the past decade the operative 
mortality has steadily decreased from a relatively prohibitive 50 per 
cent to from 20 to 25 per cent in pneumonectomy, exclusively for 
broiicliiog'cnic carcinoma. The latter mortality rate is for a series of 
cases of forty or more. Pneumonectomy for a smaller series of eases 
or one including’ other conditions carries an even lower operative mor- 
tality rate. Opening of the stem bronchus has been the major cause 
contributing to the excessively high mortality rate. .A tremendous 
amount of experimental work has been done endeavoring to solve this 
problem. Rienhoft', 2 Adams, 3 and others have contributed to this prob- 
lem both clinically and experimentally ; the former has written a very 
comprehensive survey of the literature in his last publication. 

Experimental methods to have even the slightest value must, if suc- 
cessful, be capable of metamorphosis into the realm of clinical usage 
and applicability. Following so closely upon Rienhoft' ’s comprehensive 
monograph concerning closure of the bronchus in total pneumonectomy, 
it would seem very apparent that there is little to add. However, a 


review of the literature on bronchial closure and conclusions drawn from 
clinical and experimental work have pretty well settled two things. One, 


that most experimental work on this subject falls short because of not 
bein^ clinically applicable; infection in the clinical cases and lack of the 
same in the dog's tracheobronchial tree is the essential difference. Two, 
healing of the bronchial stump occurs at a site of predilection which, 
in the °reat majority of instances, is the distal end of the bronchus, and 
this in°spite of the type, number, or location of any or ail varieties of 
occluding materials or tissues. The use of a silver plug as a method of 
bronchial closure after experimental lobectomy has been reported previ- 
bv Rosenthal and his associates.* In the present experimental 
i- i ’ w reported it has been used as a method of bronchial closure 
"A left pneumonectomy in twenty-seven normal dogs. At the 

time of this presentation, similar experimental uork is being earned out 

- — meeting of the Society of Cnlwrslty Surg<on«, Chicago. III., Foil. 

presented at the n ° 

11 - 13 , 1913 . 
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Table I 

Total Left Pneumonectomy Using Silver Plug in Closure op Bronchus 



OPERATIVE DEATHS 

MORTALITY (%) 

DOGS 

[ BRONCHUS 

BRONCHUS 

OPERATED 

I 

OPENED 

REMAINED : 

CLOSED ! 

OPENED 

REMAINED 

CLOSED 

27 

3 

2 

ii.i 

7.4 


2. The three deaths occurred six, twelve, and nineteen days post- 
operatively. The mechanism was apparently due to tension pneu- 
mothorax which occurred shortly after coughing up the plug at the 
times previously cited. These instances happened early in the series 
because silver plugs too small for the stem bronchus were used. Plugs 
of correct size were not available. 

3. There have been no fatalities in the last ten animals operated upon. 

4. The silver plug was removed bronchoseopically at intervals vary- 
ing from fourteen days to more than twelve months. 

5. Bronchoseopically there was rarely any sign of irritation or in- 
fection noted around the plug, either before or after removal. 

6. The proximal end of the silver plug approximated the earina to 
within 2 or 3 mm. in all the animals surviving. 

7. The plug was rotated with the extracting forceps before removal 
was attempted bronchoseopically. A small amount of traction was all 
that was necessary to loosen the plug and attached silk from its bed in 
the healed distal end of the bronchus. Both the silk purse string and 
the suture used to anchor the bronchial flap to the perforated distal 
end of the plug were found attached to the plug in the majority of 
cases. This agrees with other reports in the literature regarding the 
occluding sutures cutting through. 

8. The areas where the sutures cut through were entirely healed 
grossly and microscopically. 

9. The distal end of the bronchus after the plug was removed ap- 
peared clean and showed no evidence of infection. There was a small 
amount of oozing from the bronchial bed from which the plug was re- 
removed ; however, this ceased spontaneously within a minute or two. 

10. The dogs were sacrificed from three to twelve months postopera- 
tively. In every case the bronchial stump was cone shaped and of 
homogeneous consistency throughout. 

11. The heart and diaphragm in all animals had shifted into the 
pleural cavity of the operated side. The ribs on the left side were 
slightly compressed. (Fig. 3.) 

12. Microscopically (Figs. 4, 5, and 6), the bronchial flap which was 
sutured to the perforation in the distal end of the plug protruded in 
to the lumen from the stump. The relationships of mucosa, cartilage, 
and muscle were the same in the wall of the bronchus as in the stump. 

13. The wound in the chest wall was infected in six of the twenty- 
seven animals. In two of the animals that died, eight and five weeks 
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fashioned from the septum bifurcating- cartilaginous portion of the stem 
bi'onchus and sutured to the distal end of the plug as in Fig. 2. The 
intrabronehial space distal to the silver plug was filled with sulfanila- 
mide and closed with four mattress sutures of silk. About 3 Gm. of 
sulfanilamide were left in the pleural cavity before closing. No at- 
tempt was made to cover the end of the bronchus with mediastinal 
pleura. Two pericostal sutures of silk were tied and the wound closed 
in layers after overinflating the opposite lung. Two grams of sulfanila- 



. 1 . n. 

Fig'. 1. — A, lateral view of silver plug- illustrating ridge on distal end with perfora- 
tion for suturing membranous flap to (a) ; groove around distal third of piug (b); per- 
forations in proximal third for drainage (e). 

B, View of the proximal end as seen bronehoscopically, demonstrating crossbar 
necessary for removal (d). 



O Cprtional View of silver plug In stem bronchus; distal end of stem 

c -hmvmV" silver plug held in Place by tied purse-string suture. Flap was 
front nmtfo fbronolius as shown or septum bifurcating' stem bronchus. 


fnH}}lone<) 


mide were spread throughout the wound proper. The cutaneous sutures 
were removed routinely on the eighth postoperative day. The silver 
, was removed bronehoscopically at intervals post operatively, vary- 
ing from {ourt een days to more than twelve months. 

RESULTS 


1 Twenty-four of the twenty-seven normal dogs upon whom total 
1. l\vent„ performed survived the operative procedure 

left pneumonectomy t deatI)S occurred secomlai-ilv to operation 
/Table I)- Two additional 


{Table I) 

holnwl 
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5 — Low-power photomicrograph of left stem bronchus, showing narrowing of 
bronchial lumen proximal to site of silver plug Retained black silk at distal end 



Fig G — High-power photomicrograph of left stem bionchus, as seen in Fig. 4. 
showing distal stump and bronchia! flap with retained silk Note definite layers of 
mucosa, muscle, and cartilage completely covering distal stump and united by a nar- 
row zone of scar 
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postoperative^, the wound infection was interpreted as being responsi- 
ble. These two deaths occurred five and three weeks, respectively, 
aftei remo\ a ! of the plug. Autopsy revealed a healed and intact 
bronchial stump. 



Pig. 3. — Post-mortem view with antenor chest wall removed in sacrificed animal* thirty 
days after plug removal, showing shift of heart and mediastinum to opozated side. 
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need tie to become solid, especially during the critical period after the 
occluding sutures cut through. The silver plugs have been left in 
many months without any apparent deleterious results. 

The problem of the virulence of the infection clinically and whether 
or not the lowex-ed plasma protein and ascorbic acid levels in. patients 
with carcinoma of the lung will allow optimum healing conditions is 
another uncontrollable factor to be contended with, as emphasized by 
Graham. It is hoped that, by continuing these experiments in dogs 
with artificially produced purulent bronchitis, the value of the silver 
plug in an infected field will be proved or disproved. 

Another method of support for the bronchial stump is the eliest 
wall which will fall in after total or subtotal thoracoplasty as used by 
Graham on the first total pneumonectomy. However, be considers this 
unsafe as a simultaneous procedure. Whether a selective paravertebral 
thoracoplasty simultaneously over the stem bronchus will allow enough 
of the chest wall to fall in to act as a pedicle flap for adequate support 
is something for conjecture. Graham’s original intention was to obliter- 
ate the pleural space entirely, in the absence of which an empyema could 
not form. 

The deaths of the two animals which died as a result of wound infec- 
tion, wound disruption, and open pneumothorax were attributed to the 
skin sutures being inadvertently left in the wound indefinitely. These 
deaths oe mured three and five weeks after plug removal and were not 
considered operative deaths. The bronchial stumps in both were solidly 
healed. 

It is our supposition, theoretically, that if occluding- sutures and 
mediastinal pleura will allow a bronchopleural fistula incidence of 25 
per cent or less after total pneumonectomy clinically, then the addi- 
tional support offered by the silver plug plus a selective paravertebral 
thoracoplasty should decrease the incidence proportionately. 

The blowing to-and-fro of air during respiration must be prevented 
to allow the all-important cut end time to heal. The marked accentua- 
tion of this unwanted mechanism by coughing during the critical period 
we consider might be better obviated by the addition of the silver plug 
and other supportive measures as mentioned. 

In the twenty-four animals in which the ping remained intact post- 
opevatively, no bronchopleural fistula occurred either before or after 
removal of the plug. 

summary 

1. Total left pneumonectomy was performed in twenty-seven normal 
dogs using a silver plug as a method of bronchial closure. 

2. There were three postoperative deaths due to the plug bein'' 
coughed up within two weeks postoperativelv. These deaths occurred 
early and were due to the fact that the silver plug was too sum}} and 
did not fit the bronchus snugly. Therefore, the plug must be of the 
correct size. 
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COMMENT 


Our experimental work agrees generally with that of others except 
for a few minor disagreements on the healing of the bronchus. It is 
offered as a constructive and supplemental addition to enhance the 
bronchial healing by allowing more time for the granulation tissue 
plug to become solid before being subjected to the stress of the 
intrabronchial pressure occasioned by coughing or sneezing. Based 
primarily on prophylaxis, the silver plug merely adds another bulwark 
oi buttress to support the soft and easily disrupted plug of granulation 
tissue at the cut distal end. We believe that it might be used in addi- 
tion to the occluding sutures and the mediastinal pleura in effecting a 
permanent closure of the stem bronchus in pneumonectomy clinically. 

Rienhoff and his associates conclude that the main point of healing is 
at the cut end. They also state that every effort must be made to pre- 
serve the viability of this portion not only by gentle handling which 
avoids any sort of trauma, such as crushing, cauterization or suturing, 
but also by preserving the circulation of the bronchial artery. With 
reference to the latter our purse-string suture apparently does not 
jeopardize the circulation of the bronchial artery as the cut end of the 
stump still bleeds after it is tied, and the stump heals. All the bron- 
chial stumps in our animals healed without the aid of mediastinal pleura, 
the cut end being left free in the pleural cavity. Obviously, in clinical 
cases the more items that can be used to act as a buffer or stopgap, as 
the occluding sutures are called, the better. 

It is known both clinically and experimentally that the occluding 
sutures cut through the bronchial wall aided by infection and in- 
flammatory edema after approximately ten days. This period cor- 
responds to the time of occurrence of the opening of the bronchus and 
its subsequent bronchopleural fistula and empyema. It is during this 


critical period that we believe that the silver plug may serve as an 
additional so-called stopgap or buttress and protect the distal stump 
from “blowing out” after the occluding sutures cut through. Since 


the distal silk anchoring and purse-string sutures always cut through 
the bronchus, they are removed with the silver plug bronchoscopically 
and are still in its groove and perforation. The combination of these 
two factors plus inflammatory edema and granulations which have nar- 
rowed the bronchial lumen proximal to the silver plug have kept the 
lu» in place in every animal except the three in which the plug was 
o-hed up (Fig- 5). The silver plug used in the three dogs which 
'red was much° smaller than the stem bronchial lumen. It was 
* a* +w the increased intrabronchial pressure due to cough 
,?W transmitted eentrift, gaily through the .silver pi.,* to the 
W0U i i nneiViiil wall instead of being concentrated on the weakest part 
lateral v stump distally, which like a chain is no stronger 

of the gram d ^ jj,j s j s tiio mechanism and can be made to 
than its weaves ^ ^ distal stump should be protected as long as 



THE PROTEIN AND FLUID BALANCE IN EXPERIMENTAL 
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(From the University of Rochester, School of Medicine and Dentistry, and Strong 
Memorial and Rochester Municipal Hospitals ) 

A FUNDAMENTAL factor in the development of hematogenic shock 
is the decrease in the effective circulating blood volume. There is 
considerable discussion as to whether a local loss of fluid at the site 
of injury can account for the blood volume depletion. The experiments 
of Blalock 1 and Phemister and Parsons 0 support this hypothesis. The 
advocates of the “traumatic toxemia” theory 2 believe that there is a 
generalized as well as a local fluid loss, but definite evidence of a circu- 
lating toxin which initiates generalized capillary damage has not been 
demonstrated. Many investigators now believe that traumatic shock 
develops as a result of combined local and general fluid depletion, but 
have not found a specific cause. 

In attempts to solve this problem, previous experiments have been 
concerned largely with fluid changes measured in terms of the increase 
in weight of the traumatized tissues. The nature and amount of the 
plasma protein lost from the circulation has received less attention. It is 
hence important that experiments be undertaken in which the plasma 
protein as well as the fluid loss be determined. The experiments which 
are described were performed in an effort to trace both the protein and 
fluid loss. 

In experimental shock produced by standardized intestinal trauma 
it is possible to collect quantitatively the protein and fluid lost at the 
site of injury. In this type of shock most of the fluid and protein whieh 
are lost from the circulation can be recovered at the site of trauma. 
This loss occurs both from the serosal surface of the bowel and as ex- 
travasation into the bowel wall and its mesentery. The average protein 
concentration in the fluid lost from the bowel is 1.32 6m. per cent. The 
fluid contains a proportionately greater amount of albumin than that 
found in the normal circulating plasma. The amount of plasma lost 
from the circulation increases proportionately with the survival time of 
the animal. The protein concentration of the plasma, and, hence, its 
specific gravity, decrease as shock develops. 

In a previous publication a comparison was made of the relative 
efficacy of various concentrations of plasma in treating experimental 
shock due to intestinal trauma. 1 In these experiments, as in the current 
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3. In the last ten animals there have been no fatalities. 

4. The twenty-five dogs surviving total left pneumonectomy had the 
silver plug removed bronehoseopically at intervals postopcratively, 
varying from 14 to over 300 days. 

5. After the silver plug had been removed bronehoseopically, the ani- 
mals were sacrificed at different periods after removal to note the 
method and solidarity of the healed bronchial stump. 

6. The distal end of the bronchus as seen through the bronchoscope 
after removal of the plug and as viewed through the pleural cavity post- 
mortem, appeared healed and revealed no sign of infection. 

7. Bronchopleural fistula tested for in the usual manner was entirely 
negative. Microscopic sections verified the solidarity of the healing 
and the absence of infection. 

8. Healing occurred at the line of suture in the distal end of the 
bronchus. The healed end -of the bronchus was conical in shape in the 
majority of animals. 

9. Two dogs died thirty-four and twenty-one days after removal of the 
plug from an infected wound. The bronchial stum]) was well healed 
and showed no sign of infection. 

10. This experimental work is being continued with suppuration 
distal in the left lung. 


REFERENCES 

1 Graham, E. A., and Singer, J. J.: Successful Removal of an Entire Lung for 
Carcinoma of the Bronchus, J. A. M. A. 101: 1371-137-1, 1933. 

2. Rienhoff, W. F., Jr., Gannon J., Jr., and Sherman, I.: Closure of the Bronchus, 
Following Total Pneumonectomy, Aim. Surg. 116: 1S1, 1912. 

3 ddams \V. E.: Subtotal Atelectasis and Pneumonectomy in Dogs, Proc. Soe. 

Exper. Biol. & Med. 28: 957, 1931. „ ,, 

1. Rosenthal, S. R., Lambert, E. H., Van Hazel, W., and Holiuger, P. H : Experi- 
mental Lobectomy Using Bronchial Plugs, J. Thor. Surg. 8: bbS-b/3, 1J3A 
5 Ochsner, A.: Discussion of paper by Rienhoff et al.- 
g Shenstone, N. S. : Discussion of paper by Rienhoff et al.- 



HOWLAND AND MAHONEY : PROTEIN AND FLUID BALANCE 891 


to a level of 60 to TO mm. Hg several hours before death; in others, 
the pressure was maintained around 100 mm. Hg and fell precipitously 
immediately before death. As is shown in Table I, the dogs which sur- 
vived the longest maintained the highest pressure. In spite of this 
tendency to maintain a more normal blood pressure the experiments with 
survival of more than eight hours showed the most marked increase in 
hematocrit and the greatest decrease in circulating plasma protein. 

The concentration of circulating plasma protein and the specific 
gravity uniformly decrease in this type of shock. Table II tabulates the 
actual plasma protein concentration and plasma specific gravity in 
twenty-two typical experiments. The specific gravity decreases an 
average of .0015 from the control level to the last determination before 
the death of the animal. The plasma protein concentration falls an 
average of 18.77 per cent. 


Table I 

Shock Produced by Intestinal Tp.aema 


NUMBER 

OF EXPERIMENTS 

SURVIVAL TIME 
(HR.) 

RISE IN 
HEMATOCRIT 
(%) 

DECREASE IN 
PLASMA VOLUME 
(%) 

13.P. IN 
SHOCK 
(MM. HG) 

5 

2 to 7 

19.0 

35.8 

45 

9 

7 to 8 

19.4 

42.2 

85 

6 

8 to 10 

23.3 

3L9 

9S 


Table II 

Shock Produced by Intestinal Trauma 

Plasma-Specific Gravity and Protein Concentration; Control and Shock 

Levels 


initlvl 

DOG NO. T.P. CON C.* 
(G\f. %) 

FINAL 
T.P. CONC. 

(<ni. %) 

PER- 

CENTAGE 

decrease 

INITIAL 

SPECIFIC 

GRAVITY 

FINAL 

SPECIFIC 

GRAVITY 

DECREASE 

41-285 

5.87 

5.58 

4.9 

1.0267 

1.0207 

0 

41-369 

5.57 

4.98 

10.6 

1.0200 

1.0250 

0.0010 

41-416 

5.16 

4.48 

13.1 

1.0245 

1.0237 

0.0008 

41-446 

5.56 

4.82 

13.3 

1.025S 

1.0242 

0.0010 

41-483 

4.84 

4.43 

8.0 

1.0247 

1.0243 

0.0004 

41-511 

5.90 

5.21 

12.5 

1.0275 

1.0257 

0.0018 

41-513 

5.52 

4.52 

1S.1 

1.0203 

1.0243 

0.0020 

41-499 

0.79 

5.39 

20.0 

1.0290 

1.0258 

0.0038 

40-268 

5.35 

3.74 

29.9 

1.0250 

1.021D 

0.0031 

41-455 

5.79 

5.39 

3.5 

1.0200 

1.0256 

0.0010 

41 509 

5.72 

3.03 

1.5 

1.0202 

1.0259 

0.0003 

41-551 

5.00 

4.44 

12.S 

1.0242 

1.022S 

0.001 1 

41-436 

6.22 

0.03 

2.7 

1.0271 

1.0278 

•fo.ooor 

40 150 

5. 6S 

5.40 

3.8 

1.0256 

1.0251 

0.0005 

41-527 

5.38 

4.30 

2O.0 

1.0248 

1.0212 

0.0030 

41-530 

0.10 

5.20 

14.7 

1.0271 

1.0264 

0.0007 

41-556 

5.31 

4.71 

10.7 

1.0239 

1.0220 

0.0013 

41-557 

5.49 

4.83 

12.0 

1.0240 

1.0228 

0.0012 

41-478 

3. S3 

4.49 

22.0 

1.0243 

1.0233 

0.0010 

40-202 

6.86 

5.10 

23.6 




10-3S8 

G.56 

3.10 

21.3 

1.0267 

1.0227 

0.0010 

41-07 

5.15 

3.99 

22.5 

7.0230 

1.0226 

0.0001 


" " _ murn/i: 

Average 13.77 0.0010 


•Total protein concentration. 
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treatment of ehmeal shock, large amounts of plasma were used. An 
attempt lias been made to determine the protein balance in treated 
dogs, but in the majority of experiments a large amount of the injected 
plasma cannot be accounted for at the site of trauma. Those animals 
treated with half-dilution plasma (plasma diluted with an equal quantity 
of saline solution) most closely approach a fluid and protein balance. 


METHODS 

All dogs were normal healthy animals obtained from stock. They 
were followed for a period of two weeks or more before the experiments 
in oi dei' to insure a normal food intake and fluid balance. The technique 
of the production of shock by intestinal trauma has been discussed at 
length in a previous publication. 4 Blood volumes were obtained using 
the blue dye, T'182-i. All protein determinations were carried out in 
duplicate or triplicate by micro-Kjeldahl analysis. Specific gravity de- 
terminations were made by both gravimetric and falling-drop techniques, 
one method giving satisfactory check on the other. Bowel analysis was 
made in the following manner. After death of the animal, clamps weic 
placed across the bowel and at the root of the mesentery in order to re- 
tain all blood and fluid in the traumatized area. The bowel was resected 
between clamps, transferred to a 3,000 c.c. beaker, and weighed. The 
bowel was then opened and all foreign material, including parasites, re- 
moved. About 2,000 c.c. of distilled water were then added followed by 
75 c.c. of concentrated sulfuric acid. Digestion of this mixture was 
carried out overnight in a water bath followed by a 12-hour cooking 
over a low flame with constant mechanical .stii ring. At the end of this 
time a dark uniform mixture was obtained. This was analyzed for 
nitrogen by the macro-Ivjeldakl procedure, the triplicate results agreeing 
within 0.5 per cent. Samples were then analyzed in triplicate for iron 
by a modification of the o-phcnanlZuoIinc method of Schales using the 
photoelectric colorimeter. Close agreement was found between analysis 
of the crude digestion niixUne and that found after digestion with 
nitric and perchloric acids Using the results obtained in the iron de- 
termination the total amount of hemoglobin in the entire specimen could 
be determined. This was deducted from the total value of the bowel 
protein to allow for the red blood cells in the specimen. All balance 
studies included the total amount of protein and fluid lost from the 
serous surfaces, that lost into the bowel, and that removed in sampling. 


cxiT.'KDuxvr u, onsiKt moxs 

The survival time of the average dog has, railed considerably when 
, hodc i s produced by intestinal trauma (Table f). Some animals have 
S V, i trauma with the classical signs of shock, i.e., a rise 

« W “ tyty" “ ” a volume, a„J „ k,,l fall iu aria,-,.. I 

i» iurrhed ton l«rs or nuno. Tim notorial 

blood picssuie. ^ decreases as the shock state develops, but is sub- 
blood pressure a wars j ;onie animals the pressure decreased 

ject to considerable variation. > 
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results with the albumin-globulin ratio of burn vesicle fluid (Table V) 
which also contains more albumin than the corresponding circulating 
plasma. 

The protein content of the bowel and mesentery of ten normal dogs 
was determined as described under Methods, The results are shown in 
Table VI and, although there is considerable variation, only one dog (No. 
41-451) showed an excessive discrepancy. The average bowel protein 
content was 4.15 Gm. per kilogram of body weight, or 0.188 Gm. per 
centimeter of bowel. The bowel protein calculated in terms of bowel 
length was most uniform and this figure has been used in determining 
protein balance tables. 


Table V 

Blood Plasma and Vesicle Fluid in Burns 


PLASMA | 

VESICLE FLUID 


1 ALB. 

| GLOB. | 

A.-G. 

| T.P. 

) ALB. 

| GLOB. | 

A.-G. 


KM 


1.4 

3.40 

2.7 S 

0.6S 

’ 4.1 




1.5 

2.94 

2.09 

0.25 

10.7 


If 


1.10 

4.64 

3.34 

1.30 

2.0 


Table VI 

Protein Content of Small Bowel and Mesentery in Normal Bogs 

DOG NO. 

WEIGHT 

OF DOG 
(KG.) 

T.P. BOWEL 
(GM.) 

BOWEL 

PROTEIN 
(PER KG.) 

LENGTH OF 
BOWEL 
(CM.) 

BOWEL 

PROTEIN 
(PER CM.) 

41-451 

13.9 

si. 6 

O.S 

285 

0.284 

41-453 

8.2 

46.6 

5.7 

245 

0.190 

41-397 - 

7.4 

34.1 

4.6 

""'■mm- v> 


41-490 

... S.9 

38.8 

4.4 



41-665 


54.4 

2.6 

275 

0.198 

41-634 ; 

9.7 

44.4 

4.6 


0.14S 

41-614 

11.4 

53.9 

4.7 

240 

0.224 

41-814 

15.0 

28.4 

1.9 

175 


41-805 

12.1 

43.9 

3.6 

205 

0.166 

41-600 

13.3 

47 .8 

3.6 

255 


Average 


49.0 

4.15 


0.188 


The protein content of the traumatized bowel and mesentery at the 
time of death from shock is recorded in Table VII. There is a uniform 
increase over that of the normal bowel; the average total protein content 
was 62.9 Gm., compared with 49 Gm. in the normal. The traumatized 
bowel contained 4.76 Gm. of protein per kilogram of body weight and 
0.216 Gm. per centimeter of bowel. The injured bowel contained less 
protein than the normal in onlj r three instances. 

Fluid and protein balances of the shock experiments arc summarized 
in Tables VIII and IX. The decrease in plasma volume was calculated 
from the actual circulating plasma volume determined before and during 
the period of shock. The fluid recovered is the sum of that recovered 
from the bowel surface, the blood samples (plasma), and the increase 
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The relation of the albumin-globulin ratio of the circulating plasma 
protein to that of the protein present in the peritoneal fluid is tabulated 
in Table III. In all of the experiments the albumin-globulin ratio of 
the peritoneal fluid has been greater than that of the circulating plasma, 
indicating a preponderant loss of albumin. In twenty typical experi- 
ments recorded in Table III the albumin-globulin ratio of the peritoneal 
fluid is 1.69 times greater than the plasma. The total protein concentra- 
tion of the fluid averages 4.32 mg. per 100 e.c. The very high protein 
concentration found in Dogs 41-483 and 41-551 has been, possibly, due 
to a technical error, but the Kjcldahl analyses were repeatedly cheeked 
and consistent results obtained. The albumin-globulin ratio of the 
peritoneal fluid formed during the first two hours of an experiment is 
greater than that formed between the third and seventh hour. An in- 
creasing amount of globulin is lost during the terminal phase of this 
type of shock (Table IV) . It is of interest to compare the experimental 


Table III 

Shock Produced by Intestinal Trauma 

Relation op Total Protein, Albumin, and Globulin in Plasma and Peritoneal 

Fluid 


dog no. 


PLASMA 

PERITONEAL FLUID 

PER CENT 

INCREASE 

T.P. 

| ALB. 

| GLOB. 

| A.-G. 

T.P. 

[ ALB. 

| GLOB. 

A.-G. 

A.-G. 

5.10 

3.02 

2.14 

1.41 

3.43 

2.39 

1.04 

2.29 

1.62 

5.56 

2.70 

2.86 

0.94 

2.77 

1.95 

0.82 

2.38 

2.53 

4 . S4 

2.73 

2.11 

1.29 

S.36 

5.66 

2.70 

2.10 

1.63 

5.90 

2.39 

3.57 

0.67 

5.77 

3.36 

2.41 

1.39 

2.07 

5.52 

2.20 

3.32 

0.66 

3.80 

1.92 

1.88 

1.02 

1.54 

6.79 

2.55 

4.24 

0.60 

5.06 

2.40 

2.66 

0.90 

1.50 

5.35 

2.92 

2.43 

1.20 

3.41 

2.25 

1.16 

1.94 

1.62 

5.79 

2.67 

3.12 

0 . S5 

3.70 

2.16 

1.54 

1.40 

1.65 

5.72 

2.50 

3.22 

0 . 7S 

5.54 

3.75 

1.79 

2.09 

2.70 

5.09 

2.25 

2 . S4 

0.79 

9.65 

5.10 

4.55 

1.12 

1.42 

6.22 

3.02 

3.20 

0.94 

4.46 

2.69 

1.77 

1.52 

1.62 

5.68 

2.55 

3.13 

0.81 

2.34 

1.33 

1.01 

1.32 

1.63 

5.38 

3.24 

2.14 

1.52 

3.62 

2 . G0 

1.02 

2.55 

1.68 

6.10 

3.19 

2.91 

1.10 

3.42 

2.21 

1.21 

1.66 

1.51 

5.31 

3.42 

1 . S9 

1.81 

3.18 

2.23 

0.95 

2.35 

1.30 

5.49 

3.06 

2.43 

1.26 

3.34 

2.03 

1.31 

1.55 

1.23 

5.83 

3.23 

2.60 

1.24 

3.57 

2.44 

1.13 

2.16 

1.74 

fi Rfi 

4.19 

2.67 

1.57 

4.62 

3.19 

1.43 

2.23 

1.42 


2.92 

3.64 

o.so 

3.72 

2.10 

1.62 

1.30 

1.63 

5.15 

2.40 

2.75 

0.87 

2.69 

1.69 

1.00 

1.69 

1.94 





4.32 




1.69 


11-410 

41-440 

41 - 4S3 

41-511 

41-513 

41-499 

40 - 20S 

41 - 455 
41-509 
41-551 
41-450 

40 - 150 

41 - 527 
41-530 
41-550 
41-557 
41-478 
40-202 

40 - 388 

41 - 07 



Table IV 

Shock Produced by Intestinal Trauma 


albumin globulin 



3.19 

2.27 

1.43 

3.03 

Control shock 


3 . 6S 

1.42 

Shock treated 


4.11 

1.23 

with plasma 
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results with the albumin-globulin ratio of burn vesicle fluid (Table V) 
which also contains more albumin than the corresponding circulating 
plasma. 

The protein content of the bowel and mesentery of ten normal dogs 
was determined as described under Methods. The results are shown in 
Table VI and, although there is considerable variation, only one dog (No. 
41-451) showed an excessive discrepancy. The average bowel protein 
content was 4.15 Gm. per kilogram of body weight, or 0.188 Gm. per 
centimeter of bowel. The bowel protein calculated in terms of bowel 
length was most uniform and this figure has been used in determining 
protein balance tables. 


Table V 

Blood Plasma and Vesicle Flvid in Burns 


pl \sits j 

VESICLE FLUID 

T.P. 

! ALB. 

| GLOB. | 

A.-G. ! 

| T.I>. 

( ALB. 

| GLOB. | 

A.-G. 

5.99 

3.92 

2.07 

1.4 

3 .40 

2.7S 

0.6S 

4.1 

5.02 

3.42 

2.20 

1.5 

2.94 

2.09 

l»l$» 


5.91 

3.19 

2.75 

1.16 

4.04 

3.54 


2.6 


Table VI 

Protein Content or Small Bowel and Mesentery in Normal Dogs 

DOG NO. 

WEIGHT 
OF DOG 
(KG.) 

T.P. BQU’EL 
(GM.) 

BOWEL 
PROTEIN' 
(PER KG.) 

length of 

BOWEL 

(CM.) 

BOWEL 
PROTEIN 
(PER CM.) 

41-451 

13.9 

si.6 

5.S 

285 

0.2S4 

41-453 

8.2 

46.6 

5.7 

245 

0.190 

41-397 

7.4 

34.1 

4.6 

210 

0.162 

41-496 

S.9 

3S.S 

4.4 

250 

0.155 

41-665 

, 20.5 

54.4 

2.6 

275 

0.198 

41-634 : 

9.7 

44.4 

4.6 

300 

0.14S 

41-614 

11.4 

53.9 

4.7 

240 

0.224 

41-S14 

15.0 

2S.4 

1.9 

175 

0.162 

41-S05 

12.1 

43.9 

3.6 

265 

0.166 

41-600 

13.3 

47.S 

3.6 

255 

0.1SS 

Average 


49.0 

4.15 


0.188 


The protein content of the traumatized bowel and mesentery at the 
time of death from shock is recorded in Table VII. There is a uniform 
increase over that of the normal bowel; the average total protein content 
was 62.9 Gm., compared with 49 Gm. in the normal. The traumatized 
bowel contained 4.76 Gm. of protein per kilogram of body weight and 
0-216 Gm. per centimeter of bowel. The injured bowel contained less 
protein than the normal in only three instances. 

Fluid and protein balances of the shock experiments are summarized 
in Tables VIII and IX. The decrease in plasma volume was calculated 
from tlie actual circulating plasma volume determined before and during 
the period of shock. The fluid recovered is the sum of that recovered 
from the bowel surface, the blood samples (plasma), and the increase 
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The relation of the albumin-globulin ratio of the circulating plasma 
protein to that of the protein present in the peritoneal fluid is tabulated 
in Table III. In all of the experiments the albumin-globulin ratio of 
the peritoneal fluid has been greater than that of the circulating plasma, 
indicating a preponderant loss of albumin. In twenty typical experi- 
ments recorded in Table III the albumin-globulin ratio of the peritoneal 
fluid is 1.69 times greater than the plasma. The total protein concentra- 
tion of the fluid averages 4.32 mg. per 100 c.c. The very high protein 
concentration found in Dogs 41-483 and 41-551 has been, possibly, due 
to a technical error, but the Kjeldalil analyses were repeatedly checked 
and consistent results obtained. The albumin-globulin ratio of the 
peritoneal fluid formed during the first two hours of an experiment is 
greater than that formed between the third and seventh hour. An in- 
creasing amount of globulin is lost during the terminal phase of this 
type of shock (Table TV). It is of interest to compare the experimental 


Table III 

Shock Produced by Intestinal Trauma 

Belation op Total Protein, Albumin, and Globulin in Plasma and Peritoneal 

Fluid 


dog NO. 


plasm: a. 

PERITONEAL FLUID 

T.P. I ALB. I GLOB. [ A.-G. ] 

T.P. | ALB. | GLOB. | A.-G. 


PER CENT 
INCREASE 
A.-G. 


3.02 


2.14 


1.41 

0.94 


3.43 

2.77 


2.39 


1.04 2.29 1.62 


41-416 5.16 

41-446 5.50 

41-4S3 4.84 

41-511 5.90 

41-513 5.52 

41-499 6.79 

40- 208 5.35 

41- 455 5.79 

41-509 5.72 

41-551 5.09 

41-456 6.22 

40- 156 5.68 

41- 527 5.38 

41-530 6.10 

41-556 5.31 

41-557 5.49 

41-478 5.S3 

40-202 6.86 

40-388 6.56 


ran 

2.86 

2.73 

2.11 

2.39 

3.57 


3.32 

2.55 

4.24 

2.92 

2.43 

2.67 

3.12 

2.50 

3.22 

2.25 

2.84 

3.02 

3.20 

2.55 

3.13 

3.24 

2.14 

3.19 

2.91 

3.42 

1.89 

3.06 

2.43 

3.23 

2.60 

4.19 

2.67 

2.92 

3.64 


1.29 

S.36 


5.77 


HZay 

0.60 

5.06 

1.20 

3.41 

0.85 

3.70 

0.7S 

5.54 

0.79 

9.65 

0.94 

4.46 

0.81 

2.34 

1.52 

3.62 

1.10 

3.42 

1.81 

3. IS 

1.26 

3.34 

1.24 

3.57 

1.57 

4.62 

o.so 

3.72 


5.66 2.70 

3.36 2.41 

1.92 1.88 

2.40 2.66 

2.25 1.16 

2.16 1.54 

3.75 1.79 

5.10 4.55 

2.69 1.77 

1.33 1.01 

2.60 1.02 

2.21 1.21 

2.23 0.95 

2.03 1.31 

2.44 1.13 

3.19 1.43 

2.10 1.62 


2.38 

2.53 

EH9 

IdE] 

1.39 

2.07 

EEEfl 

1.54 

0.90 

1.50 

1.94 

1.62 

1.40 

1.65 

2.09 

2.70 

1.12 

1.42 

1.52 

1.62 

1.32 

1.63 

2.55 

1.68 

1.66 

1.51 

2.35 

1.30 

1.55 

1.23 

2.16 

1.74 

2.23 

1.42 


41-67 


5.15 


2.40 


0.87 


2.69 


1.69 


1.00 


1.30 

1.69 


Average 


4.32 


1.63 

1.94 

1.69 


Table IV 


AI'MA 



-THtT post-trauma 
7 Hr. post-trauma 

2 Hr. post-trauma 
7 Ur . post-trauma 


Control shock 

Shock treated 
with plasma 
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Table IX 

Shock Produced by Intestinal Trauma; Protein Balance in Untreated 

Animals 


DOG NO. 

DECREASE IN 1 
CIRCULATING ! 
TOTAL 
PROTEIN 
(Gil.) 

PROTEIN RECOVERED 

FROM 

PROTEIN 

BALANCE 

PERITONEAL 

FLUID 

(GM.) 

BOWEL 

(GM.) 

BLOOD 
SAMPLE 
(GM.) ! 

NEGATIVE 

POSITIVE 

41-369 

26.4 

8.80 

8.4 

1.65 


7.55 

41-423 

15.4 

10.16 

12.85 

1.26 

8.87 


41-416 

29.1 

11.43 

42.2 

1.65 

26.1S 


41-446 

13.7 

13.65 

5.7 

1.48 

7.13 


41-4S3 

8.0 

8.62 

4.3 

2.12 

7.04 


41-513 

18.2 

5.7 

6.7 

2.06 


3.74 

41-499 

8.5 

6.01 

0 

2.31 


0.18 

40-268 

12.6 

9.58 

12.1 

2.06 

11.14 


41-455 

25.2 

17.0 

9.2 

1.65 

2.65 


41-551 

13.7 

22.2 

17.62 

1.0 

27.62 

* 

41-456 

17.9 

2.23 

0 

1.5 


14.17 

40-156 

33.4 

6.68 

11.0 

2.2 


13.52 

41-527 

23.8 

7.24 

32.74 

2.2 

1S.38 


41-530 

26.1 

6.70 

4.24 

1.81 


13.35 

41-556 

13.7 

4.6 

0 

1.76 


7.31 

41-455 

16.4 

5.3 

1.6 

1.54 


7.96 

41-478 

14.7 

10.7 

29.58 

0.79 

26.37 


41-796 

25.4 

11.4 

6.1 

2.42 


5.43 

41-864 

11.4 

9.13 

27.0 

2.42 

27.15 

Total 




162.53 

73.24 


in the bowel weight. The normal bowel weighed an average of 25.6 Ctm. 
per kilogram of body weight, and the traumatized bowel 36.1 Gm. per 
kilogram. Thirteen of the twenty dogs showed a negative fluid balance, 
i.e., more fluid was collected in the bowel than was lost in the circulating 
plasma. Seven dogs had a positive fluid balance. The average loss of 
fluid in the former group was greater than the retention in those having 
a positive balance. The possibility of error in these calculations is very 
great, but they indicate that in general the fluid lost from the circulation 
can be recovered at the site of trauma. 

The protein balance (Table IX) is recorded in the same manner as the 
fluid balance. Ten dogs had a negative, and nine a positive, balance. 
The animals that lost more protein at the site of trauma than from the 
circulating plasma showed a greater protein unbalance than the others. 
The largest amount of protein lost in excess of the calculated decrease 
iu plasma protein was 27.62 Gm. The largest amount of protein retained 
was 14.17 Gm. 

Tables X and XI are summaries of fluid and protein balances in 
typical shock experiments when the animals were treated by intravenous 
mjection of plasma in varying dilutions.* In the fluid balance the total 
plasma available is the sum of the initial plasma volume and the volume 
°t plasma injected. The fluid collected is determined in the same manner 
as previously described. The protein balance was obtained in the same 
manner. The animals treated with one-half dilution plasma (equal parts 
plasma and saline solution) had a very small retention of fluid and 
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Table VII 

Shock Produced by Intestinal Trauma; Protein Content op Traumatized 

Bowel 



Avorage 


62.9 4.76 


0.216 


Table VIII 

Shock Produced by Intestinal Trauma; 'Fluid Balance in Untreated 

Animals 


circulating plasma volume 


DOG 

CON- 

SHOCK 

DE- 

FLUID 

recov- 

NO. 

TROL 

CRUA.SE 

ered 

41-285 

748 

335 

413 

466 

41-369 

868 

442 

426 

294 

41-423 

710 

315 

395 

515 

41-416 

856 

337 

519 

479 

41-446 

699 

522 

177 

542 

41-483 

490 

352 

138 

268 

41-513 

560 

280 

280 

293 

41-499 

385 

318 

67 

253 

40-268 

401 

23S 

163 

404 

41-455 

868 

449 

419 

612 

41-551 

457 

217 

240 

324 

41-456 

666 

389 

277 

192 

40- 156 

41- 527 
41-530 
41-556 
41-455 
41-478 
41-796 
41-864 

894 

714 

643 

483 

642 

773 

880 

S02 

319 

339 

252 

254 

371 

677 

483 

557 

575 

375 

391 

090 

271 

96 

397 

245 

420 

343 

332 

257 

243 

430 

478 

422 


I FLUID RECOVERED I 

PERITO- 

NEAL 

FLOW 

BLOOD 

SAMPLES 

BOWEL 

WALL 

300 

40 

126 

150 

30 

114 

380 

23 

112 

310 

32 

137 

462 

25 

115 

125 

35 

108 

150 

35 

108 

110 

40 

103 

280 

35 

SO 

445 

30 

137 

210 

25 

89 

50 

25 

117 

2S5 

40 

95 

200 

40 

103 

196 

33 

103 

145 

32 

80 

115 

23 

100 

300 

15 

115 

325 

■15 

108 

260 

44 

118 


positive 

balance 


NEGA- 

TIVE 

BALANCE 
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vasomotor center fails and the circulation collapses. This same reaction 
may be repeatedly observed when dealing with patients, and the falli- 
bility of the blood pressure as a sign of shock has been emphasized. 

The changes in the circulating protein during the development of 
shock are very definite. The concentration of circulating total protein, 
and thus the plasma specific gravity, decrease. This can bh due to one 
of two factors, either dilution of the plasma with interstitial fluid or 
a loss of plasma from the circulation. The actual mechanism is prob- 
ably very complex and involves both factors. It is evident that a large 
amount of fluid and protein are lost at the site of trauma, but since this 
fluid contains less protein than plasma there must be some dilution of 
remaining plasma by reserve body water. 

The albumin-globulin ratio of the peritoneal fluid is always greater 
than the circulating plasma. This indicates a greater proportional loss 
of albumin than globulin, and corresponds to the loss of protein in the 
vesicle fluid of burns and in shock produced by peritoneal cooling . 3 Also 
in these experiments an increasing amount of globulin is present in the 
peritoneal fluid when the animal is approaching death. A plausible ex- 
planation is that with some increased capillary permeability early in 
shock the smaller albumin molecule is able to escape. As shock pro- 
gresses the permeability increases and the larger globulin molecule can 
also pass through the capillary wall. In these experiments the in- 
creased capillary permeability occurs at the site of trauma, but a general 
change in the capillaries can in no way be excluded. 

The amount of fluid and protein which is lost from these animals is the 
sum of that fluid which oozes from the serous surface of the bowel and 
that amount which is present in the bowel wall and adjacent mesentery. 
The fluid which escapes can be measured accurately as to volume and 
protein content. That portion, in the bowel and mesentery is determined 
by relative comparison of normal and traumatized bowel weight and 
protein, deducting a correction for hemoglobin. There may well be a 
considerable possibility of error in using an average figure for normal 
bowel protein, but the value used does approximate the mean of that 
found in all control animals. The bowel protein content of the animals 
in shock was consistently greater than that of the controls. In ten ani- 
mals more protein was recovered at the site of trauma than could be cal- 
culated as lost from the circulating plasma. Less protein was recovered 
at the site of trauma in nine dogs. If all the protein is lost at the site 
of trauma one would expect to recover the total which disappears from 
the circulation. In many experiments considerably more protein is re- 
covered. The possible origin of this is from a mobilization of reserve 
protein stores. This does not agree with Ebert and his co-workers 3 who 
feel that protein stores cannot be mobilized following shock from hemor- 
rhage. 

In the nine dogs in which all the protein could not be recovered only 
three showed a significant retention. The results in these nineteen dogs 



bUiftiERY 


Table X 

Shock Pkoduce,, by Intestinal Trauma; Fluid Balance in Treated Animals 


6 

X 

Q 

a 

< w 
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X 

< . 

c- « 

j 1 

O ^ 

H 
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si 
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O p 

X 

w a 
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o ^ 
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~ £ 

< o 

J* o 

o ^ 

u 

u 

'A 

< 

< 

CO 

W 

is 

40*324 

05 0 

000 

1250 

555 

410 

150 

111:5 

135 

Dilute ulasma 

40-202 

805 

000 

1405 

050 

400 

150 

1500 

95 

Dilute plasma 

40-lkO 

1128 

350 

147S 

502 

300 

140 

942 

53G 

Whole Plasma 

40-204 

008 

1000 

10 OS 

01S 

370 

150 

1138 

830 

Whole plasma 

40*44/ 

708 

1)5 

803 

4.75 

470 

105 

1070 

207 

4x Cone, plasma 


Table XI 


Shock Produced by Intestinal Trauma; Protein Balance in Treated Animals 


6 

£ 

o 

o 

Q 

initial total cir- 
culating PROTEIN 

(GM.) 

w 

CJ 

u 

g 

g 

n * — S 

o S 
p o 

total protlin 

(GM.) 

A 5 

O r- 
O 

< £ 
o ® 

^ s 
< 5 C? 
ZgS 

3 

gi 
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o 

o 

5 

2 

£ 

< fiO 
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« i< 

^ S 
o < 

S3 CO 

< 

§ 

< 

, < 
a 

40-324 

30.2 

16.5 

52.7 

24.4 

9.3 

12.75 

40.45 

0.25 

40-202 

55.2 

10.5 

71.7 

4S.2 

1S.4 

12.75 

79.35 

7.65 , 

40-180 

77.2 

12.25 

S9.45 

20.0 

14.37 

12.0 

52.37 ' 

' 37.08’- 

40-271 

02.7 

55.0 

117.7 

35.4 

20.S 

12.75 

68.95 

48.75 

40-447 

40.0 

25.0 

05.0 

21.0 

24.0 

12.47 

57.47 

17.53 


protein. These animals also showed the best response to treatment. The 
dogs treated with large amounts of whole plasma and four times con- 
centrated plasma retained large amounts of fluid and protein. These 
dogs did not respond as well to treatment. A large amount of the 
plasma which disappeared from the circulation could not be accounted 
for at the site of trauma. 

DISCUSSION 


The arterial blood pressure is not always a satisfactory criterion by 
which the severity of the shock state may be evaluated in the experi- 
mental animals. The arterial tension may be maintained at a near 
normal level for many hours during which the animal has a marked 
increase in the hematocrit and a reduced circulating plasma volume. In 
1 an animal the pressure is often maintained until immediately before 
® UC , 1 j and tlieu m ay fall precipitously. Experience gained from these 
^ its -wain accentuates the impression that the development of 
expenme =. ^ of t j mej a nd (hat regardless of the blood pressure 

shock req 1 ^ events is instigated by the trauma. The maiii- 

a progressive Qre Jn some animals is probably due to narrow- 

tenance of tie l peripheral vasoconstriction until the 

in. of the circulatory bed i 
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vasomotor center fails and the circulation collapses. This same reaction 
may be repeatedly observed when dealing with patients, and the falli- 
bility of the blood pressure as a sign of shock has been emphasized. 

The changes in the circulating protein during the development of 
shock are very definite. The concentration of circulating total protein, 
and thus the plasma specific gravity, decrease. This can be due to one 
of two factors, either dilution of the plasma with interstitial fluid or 
a loss of plasma from the circulation. The actual mechanism is prob- 
ably very complex and involves both factors. It is evident that a large 
amount of fluid and protein are lost at the site of trauma, but since this 
fluid contains less protein than plasma there must be some dilution of 
remaining plasma by reserve body water. 

The albumin-globulin ratio of the peritoneal fluid is always greater 
than the circulating plasma. This indicates a greater proportional loss 
of albumin than globulin, and corresponds to the loss of protein in the 
vesicle fluid of burns and in shock produced by peritoneal cooling . 5 Also 
m these experiments an increasing amount of globulin is present in the 
peritoneal fluid when the animal is approaching death. A plausible ex- 
planation is that with some increased capillary permeability early in 
shock the smaller albumin molecule is able to escape. As shock pro- 
gresses the permeability increases and the larger globulin molecule can 
also pass through the capillary wall. In these experiments the in- 
creased capillary permeability occurs at the site of trauma, but a general 
change in the capillaries can in no way be excluded. 

The amount of fluid and protein which is lost from these animals is the 
sum of that fluid which oozes from the serous surface of the bowel and 
that amount which is present in the bowel wall and adjacent mesentery. 
The fluid which escapes can be measured accurately as to volume and 
protein content. That portion, in the bowel and mesentery is determined 
fly relative comparison of normal and traumatized bowel weight and 
protein, deducting a correction for hemoglobin. There may well be a 
considerable possibility of error in using an average figure for normal 
bowel protein, but the value used does approximate the mean of that 
found in all control animals. The bowel protein content of the animals 
in shock was consistently greater than that of the controls. In ten ani- 
mals more protein was recovered at the site of trauma than could be cal- 
culated as lost from the circulating plasma. Less protein was recovered 
ot the site of trauma in nine dogs. If all the protein is lost at the site 
°f trauma one would expect to recover the total which disappears from 
the circulation. In many experiments considerable more protein is re- 
covered. The possible origin of this is from a mobilization of reserve 
Protein stores. This does not agree with Ebert and his co-workers 3 who 
feel that protein stores cannot be mobilized following shock from hemor- 
rhage. 

In the nine dogs in which all the protein could not be recovered only 
three showed a significant retention. The results in these nineteen dogs 
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tend to indicate that in most of the animals the protein lost from the 
circulation can be accounted for at the site of trauma. There is a 
similar tendency for all of the fluid lost to be found in the same area 
(Table VII). It must be emphasized that this occurs in a specific type 
of shock (intestinal trauma) and these results do not necessarily apply 
to shock from other causes. 

It is very difficult to interpret the significance of the fluid and protein 
balance records in this type of shock when treated with varying dilu- 
tions of plasma. The total amount of plasma injected could not he ac- 
counted for in any of the experiments. The most satisfactory therapeutic 
results were obtained in the animals treated with dilute plasma (equal 
parts plasma and saline solution). In these experiments the fluid and 
protein balance was most nearly equal. In other experiments, using 
large amounts of whole and four times concentrated plasma, a large 
amount of fluid and protein did not appear at the site of trauma. Less 
satisfactory therapeutic results were obtained in these animals. The 
loss of fluid and protein could be explained by a trapping in the circula- 
tory bed or extravasation from the circulation because of a generalized 
increase in capillary permeability. It is of interest that the liver, spleen, 
kidneys, and lungs of these animals showed the minimum congestion 
previously described in control animals. 4 

There has been no opportunity as yet to attempt to determine the 
fate of the lost plasma. A comparison of the wet and dry weights of 
organs of normal and shocked animals has not been helpful. At most, 
a very small amount of this protein appears in tire urine. A very small 
amount of urine is excreted during the experiments and this rarely con- 
tains albumin. 

SUMMARY 

The results of these experiments indicate that progressive capillary 
damage results from the trauma to the bowel wall and this allows fluid 
containing protein to pass through the wall. In the first stages the 
smaller albumin molecule readily passes through the capillary wall, 
but as shock progresses the permeability increases. During the later 
and terminal stages the globulin passes out of the capillaries in in- 
creasing amounts. In these experiments this change in capillary 
permeability probably occurs primarily at the site of trauma. In 
balance studies on untreated shoek of this type it is not necessary to 
postulate fluid and protein losses other than at the focus of in jury. That 
1 generalized capillary permeability can develop is indicated by the large 
amount of unrecovered fluid in the animals treated with plasma. 

CONCLUSIONS 

1 Fluid and protein shifts have been studied in experimental shock 
P ™ d The^ma^ecSe^ravity and protein concentration decrease 
,/the shock progresses. 



HOWLAND AND MAHONEY: PROTEIN AND FLUID BALANCE 899 


3, The albumin-globulin ratio of the fluid recovered at the site of 
trauma is greater than that of the circulating plasma. 

i. More albumin is lost in the early phase of shock; more globulin 
in the terminal phase. 

5. The major proportion of fluid and protein lost from the circulation 
can be recovered at the site of trauma when the shock is not treated. 
This is not true when the shock is treated with plasma. 
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tend to indicate that in most of the animals tiie protein lost from the 
circulation can be accounted for at the site of trauma. There is a 
similar tendency for all of the fluid lost to be found in the same area 
( ab e VII). It must be emphasized that this occurs in a specific type 
of shock (intestinal trauma) and these results do not necessarily apply 
to shock from other causes. 

It is very difficult to interpret the significance of the fluid and protein 
balance records in this type of shock when treated with varying dilu- 
tions of plasma. The total amount of plasma injected could not be ac- 
counted for in any of the experiments. The most satisfactory therapeutic 
results were obtained in the animals treated with dilute plasma (equal 
parts plasma and saline solution). In these experiments the fluid and 
protein balance was most nearly equal. In other experiments, using 
large amounts of whole and four times concentrated plasma, a large 
amount of fluid and protein did not appear at the site of trauma. Less 
satisfactory therapeutic results were obtained in these animals. The 
loss of fluid and protein could be explained by a trapping in the circula- 
tory bed or extravasation from the circulation because of a generalized 
increase in capillary permeability. It is of interest that the liver, spleen, 
kidneys, and lungs of these animals showed the minimum congestion 
previously described in control animals. 1 

There has been no opportunity as yet to attempt to determine the 
fate of the lost plasma. A comparison of the wet and dry weights of 
organs of normal and shocked animals has not been helpful. At most, 
a very small amount of this protein appears in the urine. A very small 
amount of urine is excreted during the experiments and this rarely con- 
tains albumin. 

SUMMARY 

The results of these experiments indicate that progressive capillary 
damage results from the trauma to the bowel wall and this allows fluid 
containing protein to pass through the wall. In the first stages the 
smaller albumin molecule readily passes through the capillary wall, 
but as shock progresses the permeability increases. During the later 
and terminal stages the globulin passes out of the capillaries in in - 
creasing amounts. In these experiments this change in capillary 
permeability probably occurs primarily at the site of trauma. In 
balance studies on untreated shock of this type it is not necessary to 
postulate fluid and protein losses other than at the focus of injury. That 
ffenera lized capillary permeability can develop is indicated by the large 
amount of unrecovered fluid in the animals treated with plasma. 

CONCLUSIONS 

1 Fluid and protein shifts have been studied in experimental shock 

produced by «ravity and protein concentration decrease 

2 The plasma speemc w 

aa the shock progresses. 
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It was decided to test the tolerance of tissues to various substances 
which might be used as drains. Pieces of tubular and sponge rubber 
were implanted into the thigh muscles of three dogs. Uniformly, sup- 
puration occurred and one of the animals died of this cause. Glass 
was not tried because of fear of breakage if used in clinical cases. In a 
search for some unbreakable glass, a composition, “lucite”* was found. 
After remaining for four weeks in apposition to an implanted piece of 
this material, the muscle of a dog’s thigh showed no gross or microscopic 
evidence of inflammatory reaction. A narrow border of fibrosis (1.5 
mm.) surrounded the foreign body, and a layer of flattened cells sug- 
gesting endothelium lay on the surface of the tissue (Fig. 2). From 
ten days after implantation of this material the dog showed no evidence 
of local tenderness or heat. It was therefore decided to use lucite in a 
few clinical cases. 



Fig. 1.- — Roentgenogram of a humerus m the quiescent stage of chrome osteo- 
myelitis. There is no drainage, but the patient has pain at times. Note the areas of 
rarefaction and the areas of increased density. 


This material proved particularly useful for the purpose in mind, 
for it can be molded and bent at will when immersed in boiling water, 
and it is difficult, though not impossible, to break. 

Vitallium was considered as a nonirritating material, and has been 
reconsidered since Pearse lias used it successfully in other locations than 
bone and has shown that there is very little tissue reaction to it in the 
common bile duet. It was not used in the present instance for the rea- 
son that it cannot be worked at the operating table to suit the individ- 
ual case. 

The Configuration of the Drains . — In order to provide an adequate 
drainage tract, one that should prevent the accumulation of pus and 


•Manufactured by E I du Pont de Nemours Co.. Arlington. N. Y. 


PROLONGED DEPENDENT DRAINAGE WITH “LUCITE” 
DRAINS IN THE TREATMENT OF CHRONIC 
OSTEOMYELITIS* 


Clarence Dennis, M.D., Minneapolis, Minn. 

(From the Department of Suigeiy, University of Minnesota) 


NE hundred thirty-three cases of hematogenous osteomyelitis have 
been seen at the University of Minnesota Hospitals in the past 
five years.- Forty-four of these were seen and treated at this clinic in 
the acute stage, and the only therapy which thus far has resulted in 
healing directly from the acute stage is oral sulfathiazole administra- 
tion, with or without local implantation as well . 4 The great majority 
of the cases became chronic, and therapy in this stage of the disease has 
been widely varied. The use of maggots, as introduced by Baer, and of 
the Carrel-Dakin technique have not been tried in recent years here. 
On the orthopedic and general surgical services, between which these 
cases are divided, the On* treatment has been used in a small number of 
cases, with successful wound healing in more than half The policy for 
several years was expectant in character, without intervention unless 
abscess formation, pain, or sequestrum formation appeared . 30 Healing 
with cessation of drainage under this legimen occurred in only one- 
quarter of the eases. 

Despite the moderate number of lesions which have ceased to drain 
or cause pain or fever, the impression remains that no standard method 
of treatment of chronic osteomyelitis has been demonstrated to lead to 
healing of a permanent nature. The patient in case after case has re- 
turned with an exacerbation months or even yeais after apparently com- 


plete healing had occurred. 

Examination of the roentgenograms of bones of patients treated in 
the manners described reveals, even in the period of quiescence, areas of 
rarefaction highly suggestive of bone abscesses, areas of gross irregu- 
larity, and areas of markedly increased radiopacity (Fig. 1). Such 
pictures imply quiescence rather than a true return to normal function 


and architecture. 

The Choice of Drainage Material . — Because of this failure in the lian- 
lli m of the chronic disease, Wangensteen suggested three and one-half 
° o , a trial be given to prolonged dependent drainage and 
years o ^ubulav drain of some such nature as the glass abdominal 
drains formerly used in some European clinics be given a trial. 

__ was supported by a grant of the Graduate School 

• The reseat ch Pf e f? I i„lLyta a giant for technical assistance by the Work 

. the University of M in omcitti rroject No 165-1-71-121. Subproject No. 3 09 
Projects Administration,^^ of the Society of University Surgeons, Chicago, 111, Feb. 

presented at the m 

11-13, 1943. 
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debris, tubular drains were fashioned. Rather small ones were used 
early, but they tended to become plugged, and the standard size now 
is 1 cm. in external diameter, 7 mm. in internal diameter, and of a 
variety of lengths, with a flange 18 mm. in diameter and 3 mm. thick at 
one end. Holes were drilled in the flange for fixation (Fig. 3). 

Sterilization caused some difficulty at first. The material loses shape 
if boiled, and phenol and alcohol render the surface rough and gummy. 
Aqueous metaphen solution proved to be satisfactory. 

The Placement of the Drains . — The most satisfactory use of these 
drains has been found in osteomyelitis of the tibia, in which it seemed 
possible to maintain dependent drainage regardless of whether the pa- 
tient was recumbent or upright. In the first case in which the method 
was tried, the drains were inserted as illustrated in Fig. 3, and subse- 
quent eases have differed from this only in minor details. 



Fig. 3 . — The lucite drain. It is 1 cm. in external diameter and 7 mm. internally - 
it is ot varying lengths. There is a flange IS mm. in diameter at one end, m which 
holes are drilled. The drams are inserted in such fashion as to allow dependent 
drainage of osteomjelitic cavities regardless of whether the patient is in the re- 
cumbent or the upright portion. The flange of the anterior dram is bent to be 
parallel with the skin A stainless steel wire rasses through both drains and the 
leg, and is anchored to each flange. 


To accomplish proper placement in the tibia, the skin and soft tis- 
sues over the anterior surface of that bone were incised, the bone was 
opened anteriorly into the pocket, and most of the bony roof of the 
cavity was removed. At the caudal end of the cavity, a inch drill 
was used to penetrate the bone straight back, and the graduated-diameter 
trocars of Wangensteen’s set for drainage of lung abscess 11 were pushed 
through the soft tissues and skin posteriorly until a large enough trocar 
had been reached to permit placement of a lucite drain from behind 
It was quickly learned that the bead of the drain must lie about 4 mm 
away from the skin at first, to prevent pressure irritation from post- 
operative swelling of the calf muscles. The anterior drain site was 
exposed by excision of a disc of skin and soft tissue 1 cm. in diameter 
and a hole for the drain was drilled upward and backward at an an<de 
of about 45 degrees. The head of the anterior drain was placed in hot 
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Roentgenograms in the eighteen months since complete removal of 
the drains indicate a gradual return toward normal bonv architecture 
(Fig. 7). 

Results of prolonged Drainage in a Series of Patients . — Twelve lesions 
in eleven patients have been treated in this fashion. The essential data 
are presented in Table I. In general, one or two drains were placed 
in each bone pocket. Apparently complete healing occurred in four 
of the lesions, frank failure resulted in two, and five are still under 
treatment. Three of these latter offer definite promise of ultimate suc- 
cess. In one other case the drains have been removed too recently to 
allow certainty. ^ 



Fig. 5. — A, Roentgenogram showing marked earb destruction of the upper tibia. 
July 17 , 1939 , eleven dajs after onset. B, Progressive sclerosis with formation of a 
large pocket in the same patient. Jan. 26. 1910- 


One of the failures (Case 6) was in disease of the humerus in a fat 
muscular girl, 11 years of age, in whom the drains could not satisfac- 
torily be held in place; they probably were not properly inserted in 
the first place. Healing took place later under experimental chemo- 
therapy by Dr. Wesley Spink. In the other failure the disease involved 
the lower femur, and the bone was of such poor quality that openings 
for insertion of the drains were made with the thumb nail. The bone 
has become strong enough to permit use of the leg and all pain has 
been relieved, but profuse drainage persists after thirty months, and 
removal of the drain is not tolerated (Case 3). 

A striking relief of the discomfort and ache of chronic osteomyelitis 
has been observed after proper placement of these plastic drains. In 


„ ,'T" o of these Utter cases have healed (3/10/13) since submission of this paper for 

Publication. 
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water and bent to lie parallel with the skin on insertion. The bone 
cavity was loosely packed with dry gauze, which was withdrawn dur- 
ing the next few days. 

After a trial of a number of methods of securing these drains in 
place, the use of stainless steel or silver wire was adopted. It is 
regularly passed through the lumina of both drains, and thus through 
the extremity, and is anchored to the flange of each drain (Pig. 3). 
Buiial of each end of the wire in one of the holes of the flange prevents 
catching of the dressings on the ends. 

Use of the Drains in Management of Chronic Osteomyelitis.— In each 
case a plaster cast was applied, leaving a wide margin to facilitate 
change of dressings without contamination (Pig. 4). As soon as heal- 
ing of the soft tissues had occurred, i.e., in about two weeks, the plaster 
was removed, and full activity was allowed. 



Fig. 4. — The manner of placement of plaster casts for two weeks after inseition of 
lucite drains. Ample margin is allowed to avoid contamination during lriigatlons ana 
dressings. There is very little discorofoit. 


Daily irrigation with Dakin’s solution was employed to keep the 
drains open in most of the cases. 

The first patient treated in this manner was a boy of 12 years of age 
who had had osteomyelitis of the tibia for nine months. The lesion 
showed little prospect of healing, and a large pocket was visible on 
roentgen examination in the upper end of the bone (Fig. 5). On Feb. 
8 1940 lucite drains were placed as already described. Subsequent 
roentgenograms indicated a gradual healing of the pocket, apparently 
bv regeneration of bone (Fig. 6). The drains were both shortened six 
after insertion, and again at twelve months ; the posterior dram 
m , O „„w;„or ware were completely removed at thirteen months; and 
a u , the anterior drain, which had been held for three months with 
finally, | heavy thread was removed at sixteen months, 

adhesive p a i iea i e d within a few days and have remained healed, 
The drainage s football at school without apparent handicaps, 

allowing the boy to piay 
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Fig. B. 



Fig. 7. 

Fig. 6 — a.. Roentgenograms of the same patient, April 16 1940, two months after 
Insertion of the drains Casts were not usually used this long. B, Diminution m 
sclerosis and beginning healing of the bone canty, Jan 2, 1941. 

, Fig. 7, — A, Roentgenogram showing continued diminution in sclerosis, and partial 
healing of the drainage tract on July 31, 1941, two months after removal of the 
drains. B, Plate of same bone as Figs. 5 and 6 showing appearance on Aug. 26, 1942. 
nitcen months after removal of the drains. The appearance of the bone has returned 
almost to normal. 


Table I 

Course op Chronic Osteomyelitis Following Use op Lucite Drains 
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At the present time, tubes of the type described by Pearse are being 
placed in the common bile duets of dogs in order to determine the 
degree of reaction to them. 

With regard to the problem of osteomyelitis, the importance of con- 
tinuous drainage is thought to rest in the quick evacuation of pus and 
also in the prevention of local pressure elevation, even though use of a 
manometer and a hollow drill inserted into foci of recurrent osteo- 
myelitis has failed on two occasions to demonstrate such a rise. This 
contention is supported by the marked relief of discomfort which is 
afforded by placement of drains. 

The proper time period during which drains should remain in place 
has not been settled. In Case 8, the}' were apparently removed too 
early, and healing after removal does not seem too certain to occur. 
For the larger bones, it appears at present wisest to shorten or remove 
drains only when roentgen evidence indicates healing to the end of the 
drain. In the tibia, this has meant about fifteen months of drainage. 

The management of chronic osteomyelitis has been materially altered 
by the brilliant reports of Spink and Paine, followed later by Dickson, 
Dively, and Kiene, and by Key. They observed healing in a high per- 
centage of eases following saucerization, sulfathiazole implantation, and 
primary closure. At the University of .Minnesota Hospitals healing has 
occurred seven times in twelve trials of this method, and in two other 
cases healing still seems likely to occur. These patients in whom healing 
has taken place are not immune to occasional bouts of recurrent pain, 
and their roentgen pictures indicate the persistence of abnormal bony 
architecture. In my opinion, therefore, long-continued dependent 
drainage is the form of treatment which best restores normal bony 
architecture and therefore may best be expected to achieve a permanent 
cure. 

Utilization of this method of therapy seems best adapted to superficial 
long bones, particularly the tibia. This is the bone in which sauceriza- 
tion, sulfathiazole implantation, and primary closure are most difficult 
because of the inadequacy of soft tissues for obliteration of the result- 
ing dead space. It is likely that judicious choice between the two 
methods in specific cases will offer the best over-all results. 
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most of the cases, return to normal activity has been demanded by the 
patient, and no ill effect from this lias been recognized (Fig. 8). The 
patient who now wears nine drains in his femur had been* bedridden 
for a year despite numerous conventional procedures for his dis- 
ease. After placement of the drains, he walked about the house within 
two months, and is achieving gradually increasing activity. 

In Table I, the patient in Case 2 had sodium sulfathiazole irriga- 
tions for three days through the drains, and the patient in Case 10 
had local implantation of 8 Gm. of free sulfathiazole at the time of 
placement of the drains. Aside from these two, no local chemother- 
apeutic agent except Dakin ’s solution has been employed, the aim being 
to evaluate continued drainage before the admixture of other measures. 



i-i 


jriL- g A patient who has worn drains for a year, 

removed. Most patients demand full activity within a 
lucite drains. 


and has had some of them 
few weeks after insertion of 


im- 


COMMENT 

Lucite, being relatively little irritating to the tissues, has been .... 
planted elsewhere in the body. W. T. Peyton, of this clinic, has im- 
planted a lucite orbital roof in a patient at my suggestion, and the 
plate is still in place after over six uneventful months. Serious con- 
sideration is being given to the preparation of larger plates to use in 
coverin'* defects in the skull. Such plastic plates would have an ad- 
vantage 0 over vitallium because of the pliability of the material under 

hot watei. be}ng used in experimental work by K. A. A. Mcren- 

LUC . te i i l ovntorv where it has been found most useful to make 
^nnulae^f practical design for gastric pouches during further study 

of the ulcer problem. 


KADI CAL OPERATION FOR INTRACTABLE PRURITUS ANI 

Forrest Young, M.D., and W. J. M. Scott, M.D., Rochester, N. Y. 

(From the Department of Surgery, The University of Rochester School of Medicine 
and Dentistry and the Strong Memorial Hospital) 

DRURITUS ani is a symptom complex rather than a definite disease, 
* characterized by intense itching about the anus. The itching is ag- 
gravated by warmth and hence is often most troublesome at night. 

There probably is no single cause of this symptom. In adults it is most 
often associated with moist perianal skin. The moisture in women may 
be due to chronic vaginal discharge, and in both men and women to ir- 
ritative rectal lesions such as fissure or hemorrhoids. Moist perianal 
skin is more common in obese individuals, due to constant apposition of 
the buttocks. In some patients infrequent bathing may be a contributory 
factor. The symptom is frequent in diabetics. 

In most instances of long continued pruritus ani, the perianal skin 
becomes pigmented, leathery, thickened, and ofteD excoriated by scratch- 
ing. These changes may be due to a disease entity, but more probably 
are the end results of repeated injury from scratching. A microscopic 
examination of this scarred pigmented perianal skin shows nothing 
other than increased deposits of pigment and chronic inflammation. 

In many instances the symptoms may be relieved by the correction 
of local anal lesions; in others, by scrupulous cleanliness and the use 
of drying ointments or powders. In all cases these general causes should 
be looked for and, if present, treated. 

In more refractory cases subcutaneous alcohol injections have been 
used to destroy nerve endings in the perianal area. This treatment is 
based on the same rationale as the older surgical procedure of under- 
cutting the perianal skin and subcutaneous tissues and then suturing the 
flaps so raised in their original beds. 

We are all familiar with the above facts but we are also well aware 
that there are occasional stubborn cases of pruritus ani which are not 
relieved by any of these measures. Hence, any method of treatment 
which affords relief from the intractable itching occasionally encountered 
should receive attention. 

It should not be inferred that the radical method reported here should 
be used in all, or even an appreciable percentage, of cases of pruritus 
ani but in the occasional instance where symptoms are severe and can- 
not be relieved by ordinary methods. The following report is of such 
a case. 

i, fjesented at the meeting of the Society of University Surgeons, Chicago. III., Feb, 
1343 . 
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about one year after opeiation she saul that she had difficulty sitting for prolonged 
periods. This was due not to soreness but a feeling about the anus of numbness 
sinulai to when one's leg "goes to sleep.’’ At the end of about a year sensation 
returned to the shifted skin and she no longei had this difficulty'. On examination 
the slan appealed perfectly' normal with good sensation. The lesult was considered 
excellent. 

OPERATIVE TECHNIQUE 

Because of the probability of some infection and perhaps consequent 
poor and prolonged healing, we believe it best to excise only one-half 
the involved perianal skin at a time. This allows a safety factor, in 
ease infection and scarring might cause contracture of the anal orifice. 
The procedure in brief is a complete excision of the scarred perianal 
skin, one hemisphere at a time, and a shift of a flap from the medial 
surface of the buttock and thigh to replace the excised area. The flap 
need not be delayed because the blood supply is entirely adequate. 


1 



Fig. 1 — Showing the mannei in which the flap ib cut foi resurfacing one-half the 

peiianal aiea 

An incision is made at the mucocutaneous junction around one-half 
the circumference of the anus. The mucosal edge is prevented from re- 
tracting inward by a number of guy sutures which are held by an as- 
sistant. The external sphincter muscle is exposed and the scarred skin 
a ud subcutaneous tissues dissected from it. A plane of dissection is 
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CASE REPORT 

Sf U6602 h a w,,ite P'U'sician’s wife, aged 51 years, entered the 

Strong Memorial Hospital on Jan. 3, 193.0. She complained of pruritus vulvae. This 
symptom, at times more troublesome than at others, had been experienced for the 
past twenty years. In the past one or two years it had become more severe and 
the itching had extended to the perianal region. Leucorrheal discharge, which had 
always been present, had become quite marked in the past year. This did not seem 
to have aggravated the itching. Her last menstrual period had been in January, 
1938. During the two years prior to entry she iiad been treated with botli radium 
and x-ray radiation over the vulvar and anal regions. The exact dosage was unknown, 
but there had been, no relief of symptoms. During the three months before hospital 
admission she had received 20,000 units of progynon a week, for six weeks, without 
improvement. During the month before admission she had been given 10,000 units 
of progesterone twice a week. This had given slight relief from 'itching. 

A detailed history revealed nothing of importance in the -past,'' other than that 
she had always been in good health. A c^ioieeysteetomypctnd- appendectomy had been 
done twelve years previously. 

General physical examination allowed no abnormal findings. The labia majora and 
minora were hypertrophied, thickened, red, and scaly. This abnormal condition 
extended up to the mons and downward around the anus. Rectal examination showed 
hemorrhoids present externally. 

Laboratory findings were Hb., 14.5 Gm.'; lt.B.C., 4,750,000; 1Y.B.C., 0,000; blood 
N.P.N., 35 mg. per cent; Wood sugar, 145 nig. per cent; urine, negative; lYasser- 
mann, negative. 

The diagnosis made on the gynecological service where she was first admitted 
was kraurosis vulvae and pruritus vulvae. 

On Jan. 4, 1939, a radical vulvectomy, a dilatation and curettage, and a 
cauterization of the cervix was done on the gynecological service. At the same time 
the external hemorrhoids were removed. She' had a satisfactory convalescence and 
was discharged on Jan. 28, 1939, with the vulvar incisions healed. 

This operation relieved her entirely of pruritus vulvae but not of pruritus aid. 

On March 28, 1939, we were asked to see her because of the intense anal itching. 

At that time there was an area from tiie vaginal orifice to the tip of the coccyx - and 
extending laterally about the anus for about two inelies which was thickened, red, 
and leathery, with some white plaques interspersed through the red area. Since 
vulvectomy there had been no leucorrkea and an attempt had been made to control 
the itching by keeping the skin dry with borated alcohol. This had not been at ail 
effective in controlling the itching. 

She was advised to have the involved perianal skin excised. She entered the 
hospital again and on April 25, 1939, the right half of the pruritic area was ex- 
cised and the defect covered with a flap. During the postoperative period the mam 
problem was one of keeping the area dry. She was kept on her stomach to prevent 
va-rinal discharge and urine from running down over the wound. The bowels were 
allowed to move on the ninth postoperative day. The flap healed in place well and 
she was discharged on the fourteenth postoperative day. At that time there was a 
small granulating area laterally from which the flap had been shifted. This healed 

prompt J. 2939 as the right side was symptomless and had been healed for 

^time the remaining left" hemisphere of scarred perianal tissue was excised 
some > was possible on this side to close the defect from which 

the flap 1 was' "obtained. These wounds healed nicely so that -she could be dis- 
charged from the hosp’t. ^ jpjj. a little less than two years after completion 

She was last seen on . | IC uais entirely free from itching. lor 

of the two-stage operation. At a 
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long enough, periods to be thought permanently relieved. The third 
has had one hemisphere of perianal tissue removed and is about to 
have the operation completed. As yet he still has marked symptoms 
on the unoperated side. He also complains of itching on the flap on 
the operated side although this skin is still anesthetic. 'Whether this 
is actual or due to the unoperated side will be determined on completion 
of the procedure. 

It would seem that in a selected group of eases of pruritus ani, where 
all other measures have proved ineffectual in relieving symptoms, that 
complete excision of the abnormal perianal tissues, one-half at a time, 
and replacement ■with a flap from the buttock and thigh may be effective 
treatment. 
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found under the leathery area and the dissection carried outward from 
normal skin. The flap of scarred tissues is then cut away (Fig. 1). A flap 
of skin and subcutaneous tissue of correct size and shape to cover the de- 
fect is cut lateral to the defect with its base posteriorly. It is swung 
across and sutured to the anal mucosa and to the medial line of excision 
(Fig. 2) . The defect left laterally is sutured as far as possible. If tension 
is observed, the remainder of the defect is left to granulate. The operation 
is done in the lithotomy position and any tension on the flap becomes less 

' 2 



was bs s.'A*s.“£ 

superior portion is allowed to granulate. 


when the legs are again straight. A small rubber drain is brought out 
from under the flap at its base and a snug perineal binder is applied to 
hold the flap securely in apposition to its bed. The bowel is prevented 
fvnm moving for ten to fourteen days depending upon the speed ot 
Valin" Infection is moderate. There is usually some inflammatory 
“ „ lon „ the suture lines but not enough to interfere with healing, 
rr to ■ month, .ho remaining halt ot .1,0 prianal akin Is re 

moved and replaced in the same manner. 

discussion 


f had occasion to operate on three such patients with 
We have so la these are entirely symptom free for 

intractable pruritus am. 
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MATERIAL AND METHODS 

This study is based upon the findings of eighty-eight patients who 
have had gastric resections for peptic ulcer, of which twenty-five were 
gastric and sixty-three duodenal. The follow-up studies and gastric 
analyses were performed repeatedly over a period of from one to seven 
years after operation ; however, only 25 per cent were followed for more 
than five years. All patients were personally interrogated, and rather 
severe criteria were used as a basis for evaluating results. Likewise all 
analyses were performed by us and on some patients as many as six 
gastric analyses were done. All patients listed as having low acid or 
anaeidity had at least two determinations done. Additional patients 
studied, in whom it was felt that satisfactory tests were not obtained, are 
not included in this report. 

The method used in obtaining specimens of gastric juice is that sug- 
gested by Bloomfield and Polland. 9 The examination is made after a 
fast of twelve hours, with histamine used as a stimulus in a dosage of 
0.1 mg. to each 10 kg. of body weight. The fasting contents are with- 
drawn, the histamine injected subcutaneously, and the stomach contents 
continuously aspirated with a syringe and collected for three ten-minute 
periods. The acidity is then titrated against Mo normal sodium hydrox- 
ide, Toepfer’s reagent and phenolphthalein being used as indicators. 
The ten-minute specimen with the greatest ten-minute volume of secre- 
tion and the highest titratable acidity obtained is considered the index of 
gastric function. The importance of following the described procedure 
in detail in order to obtain an accurate analysis cannot be too greatly 
stressed. 

To insure a precise determination of acid secretion, several requisites 
must be recognized. First, the person performing the aspiration must 
be a physician familiar with the technique of gastric aspiration and 
must be interested in the procedure. The delegation of the test to a 
nurse or to a technician repeatedly leads to error. It has been our 
experience on numerous occasions that the results obtained by the rela- 
tively uninterested technician will not compare with the results obtained 
by a doctor who is responsible for and interested in the result obtained. 
Second, the stomach must be aspirated absolutely dry before the frac- 
tional specimens ai-e collected. This procedure frequently takes from 
ten to fifteen minutes and on occasions the test may have to be abandoned 
for the day because of the constant regurgitation of bile. Third, dilu- 
tion of the gastric contents must be avoided ; the patient should be re- 
quired to expectorate all saliva and all bile-tinged specimens should be 
discarded. The volume of secretion characteristically follows a more or 
less regular curve and this characteristic can also be used to cheek the 
accuracy of the procedure. Fourth, there are obvious difficulties and 
inaccuracies in these determinations on the postoperative stomach, and 
for this reason repeated studies must lie made on those patients who are 
found to have low acid or anaciditv. Since the error in gastrie analyses 
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P) URING the past twenty years gastric resection has become move 
and more popular as a method of surgical treatment of peptic 
ulcer. There are two advantages of this procedure over the more con- 
servative operations such as pyloroplasty or gastrojejunostomy. They 
are, first, that the ulcer is removed and, second, that the gastric acidity 
may be lowered, thereby reducing the danger of the development of 
secondary ulcer. It is now realized that small resections usually fail to 
reduce the acidity and, as a result, larger resections as well as various 
mutilating procedures on the stomach have been advised in the hope of 
regularly producing postoperative gastric anacidity. 

The purposes of this report are to present a summary of findings on 
eighty-eight patients upon whom gastric resections have been performed 
for peptic ulcer and to emphasize certain technical features of resection 
which make it a practical procedure and one often resulting in a low 
postoperative acidity.' 4 

There are many surgeons 1 ' 6 who advocate extensive resections of the 
stomach in the hope of insuring a low postoperative acidity. Their 
opinion is based upon the generally accepted idea that gastric acidity 
plays an important part in either the formation or the persistence of 
an ulcer and that if postoperative anacidity can be obtained, secondary 


or recurrent ulcer can be prevented. The objections to these extensive 
resectkms (more than two-thirds of the stomach) are, first, that it lias 
not been proved to date that they are more effective in reducing acidity 
than less extensive resections (one-half to two-thirds). Second, when 
such a large amount of stomach is sacrificed and a recurrent ulcer de- 
velops, a secondary procedure is not only difficult but hazardous ; and 
third except in the hands of an expert, the mortality is too high. With 
these’ features in mind, we have attempted to determine the type of 
resection that most often produces a low postoperative aridity, is rela- 
• 1 safe and simple, and also retains a sufficient amount of stomach 
tacit secondary operation becomes necessary. 


-XTiwM «f ;? SSt S S'"" 

Hospital is Meeting of tlie Society of UnKeiMty Suijfe, 
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curvature is left in situ, then this procedure would best serve not only 
to secure reduction of acidity but also to retain resection as a practical 
technical procedure. In addition, this type of resection would be pos- 
sible for a large number of surgeons to perform and also, if marginal 
ulcer should develop, would allow secondary resection to be carried out 
without too great a hazard. The increasing number of reports showing 
that marginal ulcer occurs in from 5 to 10 per cent of all cases follow- 
ing gastric resection emphasizes the wisdom of not removing too much 
stomach at the time of the primary resection. One way to accomplish 
this is to retain a large portion of the greater curvature. Our studies 
not only confirm the thesis that removal of the lesser curvature does 
considerably lower the acidity but also show that retaining a fair por- 
tion of the greater curvature does not appreciably alter the result 
(Table II). 


Table H 

Resection % to % op Stomach Including Incisup.a Angularis 



NUMBER 

AX ACIDITY 

LOW ACIDITY 

NORMAL OR 
ADEQUATE ACIDITY 4 

Gastric ulcer 

12 

9 

3 

0 

Duodenal ulcer 

34 

16 

9 

9 


46 

25 (54%) 

12 (26%) 

S0% 

9 (20%) 


'Free hydrochloric acid of 60 degrees or more was considered normal or adequate 


Other papers 6 ’ 10 ' 15 may be consulted for a review of the present con- 
cepts concerning the physiology of the stomach, but suffice it to say here 
that up to the present time there has been no adequate explanation for 
the anaeidity that frequently follows subtotal gastric resection. Fur- 
thermore, a tremendous amount of experimental work has been done 
without solving the problem. It is even more difficult to explain why 
gastric resections that include the lesser curvature above the incisura 
angularis but that leave one-lialf to two-thirds of the greater curvature 
should result in anaeidity in almost as high a percentage of cases as do 
resections of considerably larger poi’tions of stomach. 

Studies on the last group of cases (Fig. 1, C) i.e., those in which more 
than two-thirds of the stomach was removed, reveal that approximately 
90 per cent of the cases show low or absent acidity, only 10 per cent 
better than the preceding group (Table III). 

Table in 

Resection of More than % op Stomach 


NUMBER 

AN ACIDITY 

LOW ACIDITY 

NORMAL OR 
ADEQUATE ACIDITY* 

Gastric ulcer 7 

7 

0 

0 

Duodenal ulcer 4 

1 

2 

l 

11 

3 (73%) 

2 (1S%) 

91% 

1 (9%) 

ac ,* Fr et= hydrochloric acid of 

00 degrees or more 

was considered 

normal or adequate 
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results in too low rather than too high a value of secretion, it is not 
uncommon to discover that a patient in whom a previous anaeidity was 
found, upon repeated test, shows adequate acid. 

The normal standard of gastric secretion as obtained by the method 
just described has been determined by Bloomfield and Polland. 3 In 
general, it may be said that the normal range of free hydrochloric acid 
is between 60 and 110 degrees and the maximum ten-minute secretory 
volume between 15 and 35 c.e. 


RESULTS 

The types of resection may be divided into three groups: (1) those in 
which the antrum was removed (Fig. 1, A) ; (2) those in which one- 
half to two-thirds of the stomach and a portion of the lesser curvature 
beyond the incisura angularis were removed (Fig. 1, B), and (3) those 
in which more than two-thirds of the stomach was removed (Fig. 1, C). 
Several observers have reported that simple removal of the antrum of 
the stomach usually fails to reduce the postoperative acidity; our obser- 
vations confirm these reports (Table I). Our main point of interest was 



A 


8 


C 


Fiff. 1. — Three types of resection which were done upon patients discussed in this 
report.’ A, Resection of pyloric antrum; B, Resection as we suggest, carried proximal 
to the incisura angularis (I. A.) on lesser curvature and leaving a fair portion of the 
greater curvature; C, resection of more than two-thirds of the stomach. 


to determine whether removal of one-half to two-thirds of the stomach 
as shown in Fig. 1, B results in as high a percentage of anaeidity as does 
removal of larger portions of the stomach (more than two-thirds, Fig. 
1, C). 

Table I 

Antral Resection 


============= 

number 

anacidity 

LOW 

ACIDITY 

NORMAL OR 
ADEQUATE ACIDITY* 

Gastric ulcer 
Duodenal ulcer 

6 

25 

2 

0 


•i 

21 


31 

2 (0%) 

25% 

0 (10%) 

23 (75%) 

" hydrochloric acid o£ 

GO degrees or more 

was considered 

normal or adequate 


;id. 

Tf w Lpen suggested that in performing gastric resection the silo of 
. ' , M h „ carr ied proximal to the incisura angularis (LA. m 

ttir. tor postoperative aridity. If such . resection do- 
Pig. 1) to same time a large portion of the greater 

creases acidity 11110 u 
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curvature is left in situ, then this procedure would best serve not only 
to secure reduction of acidity but also to retain resection as a practical 
technical procedure. In addition, this type of resection would be pos- 
sible for a large number of surgeons to perform and also, if marginal 
ulcer should develop, would allow secondary resection to be carried out 
without too great a hazard. The increasing number of reports showing 
that marginal ulcer occurs in from 5 to 10 per cent of all eases follow- 
ing gastric resection emphasizes the wisdom of not removing too much 
stomach at the time of the primary resection. One way to accomplish 
this is to retain a large portion of the greater curvature. Our studies 
not only confirm the thesis that removal of the lesser curvature does 
considerably lower the acidity but also show that retaining a fair por- 
tion of the greater curvature does not appreciably alter the result 
(Table II). 


Table II 

Resection % to % op Stomach Including Incisura Angularis 



NUMBER 

anacidity 

LOW ACIDITY 

NORMAL OR 
adequate acidity* 

Uastric ulcer 

12 

9 

3 

0 

Duodenal ulcer 

34 

16 

9 

9 


46 

25 (54%) 

12 (26%) 

80% 

9 (20%) 


•Free hydrochloric acid of CO degrees or more was considered normal or adequate 


Other papers 6 - 10 * 15 may be consulted for a review of the present con- 
cepts concerning the physiology of the stomach, but suffice it to say here 
that up to the present time there has been no adequate explanation for 
the anaeidity that frequently follows subtotal gastric resection. Fur- 
thermore, a tremendous amount of experimental work has been done 
without solving the problem. It is even more difficult to explain why 
gastric resections that include the lesser curvature above the incisura 
angularis but that leave one-half to two-thirds of the greater curvature 
should result in anaeidity in almost as high a percentage of cases as do 
resections of considerably larger portions of stomach. 

Studies on the last group of cases (Fig. 1, C) i.e., those in which more 
than two-thirds of the stomach was removed, reveal that approximately 
90 per cent of the cases show low or absent acidity, only 10 per cent 
better than the preceding group (Table III). 


Table IH 

Resection op More than % op Stomach 



NUMBER 

ANACIDITY LOW ACIDITY 

NORMAL OR 
ADEQUATE ACIDITY* 

Gastric ulcer 

7 


0 

0 

Duodenal ulcer 

4 

i 

O 

l 


11 

8 (73%) 

2 (1S%) 

1 (9%) 



91% 



•Free hydrochloric acid of (JO degrees or more was considered normal or adequate 
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Our findings show that, although the acidity is affected by the type of 
resection performed, the results are not so affected and bear little rela- 
tionship to the postoperative acidity (Tables IV, V, VI, and VII). How- 
ever, as the postoperative period of time increases, the chances are that 
more marginal ulcers will develop in those patients who had duodenal 
ulcer. Furthermore, it is likely that these will occur most often in those 
patients who have adequate postoperative acidity since, up to the pres- 
ent time, all marginal ulcers observed in this clinic occurred in patients 
with adequate acidity. 

Table IV 

Results of Resection in Relation to Acidity 


NUMBER PER CENT 


Low or anacidity 
Adequate (normal) 


Low or anacidity 
Adequate (normal) 


PER CENT SATISFACTORY UNSATISFACTORY 

NUMBER PER CENT NUMBER PER CENT 


Gastric Ulcer (25) 

92. 22 “53: 

8 . 2 100 . 0 0 . 

Duodenal Ulcer (63) 


32 50. 

30 

91. 2 

31 50. 

26 

S4. 5 


All Cases (SS) 


Low or anacidity 

55 

63. 

52 

95. 

3 


Adequate (normal) 

33 

37. 

2S 

85. 

5* 

1 



•One died. 


Gastric ulcer 
Duodenal ulcer 


Table V 

Clinical Results in Relation to Type of Resection 


NUMBER SATISFACTORY UNSATISFACTORY 


Antral Resection 


6 6 0 


n icer 25 21 -1 (one died) 

Resection of (A to % of Stomach Including Incisura Angularis 


Gastric ulcer 
Duodenal ulcer 


Gastric ulcer 
Duodenal ulcer 


Resection of More Than of Stomach 


ulcer 7 7 '! 

il ulcer A u 

Table VI 

Clinical Results in Relation to Acidity and Type of Resection 
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Table VII 


Phe- and Postoperative Acidity and Clinical Results in Cases op Gastric and 
Duodenal Ulcer Following the Three Types op Resection Described 


NUMBER 

AGE 

PREOPERATIVE 

ANALYSIS'* 

POSTOPERATIVE 

ANALYSIS 

AMOUNT 
RESECTED f 

RESULT 

V 

F 

T 





Gastp.ic 

Ulcer 





Patients With Postopeiatne Anacidity 



i. 

47 

00 

Eg 

75 

Anacidity 

o 

E 

2. 

32 

so 

68 

76 

Anacidity 

3 

E 

3. 

38 

7 

75 

100 

-Anacidity 

2 

E 

I. 

58 

25 

6S 

83 

Anacidity 

3 

G 

5. 


42 

90 

100 

Anacidity 

2 

E 

6. 

62 

60 

70 

SO 

Anacidity 

0 

E 

7. 

65 

7 

102 

124 

Anacidity 

2 

G 

8. 

61 

60 

85 

96 

Anacidity 

3 

B 

9. 

52 

52 

57 

SI 

Anacidity 

o 

E 

10. 

43 




Anacidity 

2 

E 

11. 

54 




Anacidity 

i 

E 

12. 

4S 




Anacidity 

3 

E 

13. 

59 




Anacidity 

3 

E 

14. 

49 




Anacidity 

3 

E 

15. 

45 




Anacidity 

2 

E 

16. 

46 




Anacidity 

i 

E 

17. 

42 




Anacidity 

3 

G 

18. 

00 




Anacidity 

2 

G 


Patients 

With Low Postoperative Acidity 







V F T 



HflElp 

W 

ism 


Wtffl IB 






SBfifl 


B&Hf 

ISPvlB 





KHiliH 


■mH 






iigBruB 



Bigwf viSsI 












Patients With Adequate (Normal) Postoperatue 

Acidity 


i. 

50 

50 

96 

106 

25 111 121 

1 

G 

2 m 

37 

45 

90 

115 

15 9S 106 

1 

G 




Duodenal Ulcer 





Patients With Postoperative Anacidity 



i. 

47 

120 

112 

130 

Anacidity 

2 

E 

2. 

52 

30 

91 

107 

Anacidity 

2 

E 

3. 

52 

50 

100 

107 

Anacidity 

2 

E 

4. 

54 

7 

104 

145 

Anacidity 

0 

E 

0. 

45 

60 

95 

110 

Anacidity 

2 

E 

6. 

4S 

45 

61 

79 

Anacidity 

2 

E 

7. 

52 

7 

95 

105 

Anacidity 

2 

E 

8. 

57 

45 

104 

120 

Anacidity 

o 

E 

9. 


30 

5S 

70 

Anacidity 

2 

E 


40 

7 

90 

100 

Anacidity 

o 

E 

11. 

24 

50 

70 

So 

Anacidity 

O 

E 

12. 

52 

7 

70 

So 

Anacidity 

2 

P 

13. 

52 

30 

SO 

13S 

Anacidity 

0 

F 

14. 

44 

46 

64 

74 

Anacidity 

0 

E 

13. 

54 




Anaciditv 

O 

E 

16. 

35 




Anaciditv 

0 

E 

17. 

rt s 




Aua<'nlit\ 

0 

F 

* ■ — — 









*Y. Volume -fl, Antiectom\ 

I'\ Free jcul 2, Roniov 0 of H> to -j. including incisuia angularis 

T. Total acid 3, Removal of more than of stomach 
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Table VII — Cont’b 



i 

PREOPERATIVE 1 

; 

; 

= 1 

NUMBER | 

AGE 

ANALYSIS* j 

f P0STOPJ2R iriV r K | 

VMOUNT 
RESECTED \ 

RESULT 


! 

t 

V F T I 

ANALYSIS | 


Patients With Postopei ative Low Acidity 


V F T 


i. 

41 

? 

90 

92 

10 

30 

33 

3 

Or 

2 


50 

75 

90 

12 

44 

54 

O 

E 

3. 

43 

21 

69 

84 

10 

53 

55 

O 

G 

4. 

42 

21 

85 

10S 




1 

G 

5. 

56 

100 

9G 

104 

6 

38 

64 

o 

E 

6. 

25 

50 

104 

109 

S 

54 

77 

I 

G 

r. 

32 

? 

74 

so 

15 

40 

50 

2 

C 

3. 

45 

20 

84 

95 

5 

33 

42 

2 

6 

9. 

40 

30 

95 

105 

20 

40 

52 

2 

G 

10. 

52 

SI 

108 

110 

15 

15 

22 

o 

E 

11. 

53 




15 

40 

50 

I 

E 

12. 

46 




7 

42 

50 

i 

G 

13. 

35 




37 

17 

32 

o 

E 

14. 

41 




10 

45 

Go 

o 

•a 

G 

15. 

48 




25 

13 

23 

<1 

35 


Patients 

fPifti . 

Adequate (Not mat) 

Postoperative 

J.aany 


1 

42 

250 

09 

S3 

40 

95 

10 v 

l 

E 

2, 

30 

56 

69 

S3 

60 

79 

90 

2 

P 

3. 

32 

45 

94 

104 

30 

63 

75 

I 

G 

4. 

41 

75 

114 

1£2 

35 

78 

S5 

i 

G 

5. 

51 

30 

9S 

106 

30 

104 

no 

i 

E 

G 

29 

? 

59 

6S 

50 

95 

no 

i 

G 

7. 

40 

35 

70 

91 

20 

64 

S2 

i 

G 

8. 

39 

92 

102 

ns 

115 

100 

10S 

3 

G 

9. 

23 

20 

S6 

94 

17 

9S 

120 

0 

G 

10 

51 

7 

72 

8S 

40 

130 

135 

2 

E 

11 

52 

1 

no 

119 

25 

93 

112 

2 

U 

12 

23 

23 

Si 

So 

40 

90 

00 

i 

G 

13 

41 

7 

93 

103 

30 

95 

109 

i 

£ 

14 

46 

90 

.94 

no 

40 

S7 

97 

i 

E 

lo 

56 

29 

99 

104 

IS 

10 O 

10S 

i 

E 

10 
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anacidity. Removal of more than two-thirds of the stomach results in 
90 per cent of the patients having reduced acidity or anacidity. As 
previously stated, many advantages in technique are sacrificed when 
large portions of the stomach are removed, and it seems from our results 
that little is gained. To retain resection as a useful procedure, we ad- 
vise that gastric resection he done in such a manner as to insure the 
highest percentage of cases of postoperative anacidity without sacrific- 
ing too much of the stomach. This can be done by removing one-half 
to two-thirds of the stomach, including a portion of the lesser curvature 
proximal to the re-entrant angle, and retaining a fair portion of the 
greater curvature. 
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ACUTE ABDOMINAL SYMPTOMS IN ABACITNIDISM 
Black Widow Spider Bite 
Harwell Wilson,® M.D., Memphis, Tenn. 

(Fiom Department of Surgery, University of Tennessee) 

' j ’HE syndrome produced by the bite of the black widow spider 
(Lactrodectus mactans), when duly recognized, is not a surgical 
problem. However, because of the abdominal symptoms usually result- 
ing from arachnidism and the fact that the patient often attaches little 
or no significance to the spider bite, it behooves all surgeons to be 
familiar with the clinical picture of this condition if needless operations 
are to be avoided. Morton , 17 in a careful study of the cases observed 
at the University of Virginia Hospital, stated that “The most outstand- 
ing symptom in each ease was the severe and usually cramplike abdom- 
inal pain; while the most important physical abnormality was the 
extreme boardlike rigidity 7- of the abdominal musculature.” Noland 10 
emphasizes that patients with arachnidism are often sent to a hospital 
by the referring doctor with a diagnosis of some acute surgical con- 
dition of the abdomen. Patients suffering from arachnidism are occa- 
sionally subjected to celiotomy. It appears from the recent reports of 
D ’Amour and his associates , 10 ’ 11 Kirby-Smith , 16 and Frank 21 that the 
incidence of arachnidism is increasing. In spite of these facts the sub- 
ject has received very little attention in the surgical literature. 


the spider 


Lactrodectus mactans is a common spider which may be found 
throughout the United States and in Canada . 1- '*’ 10 This spider may be 
found in woods and fields but is also not infrequently seen about pro- 
tected areas such as garages, basements, and outhouses. The reason 
more individuals are not bitten is due more to the characteristics of the 
spider than to any lack of its presence in various localities. The black 
widow spider is a timid creature and seldom bites a human being ex- 
cept when crushed or contacted in the daik. If the web of this spider 
is disturbed, usually the creature retreats and shows little inclination to 
bite. In turning over old planks, logs, or rocks, individuals may make 
sudden contact with the spider and be bitten. Many people have been 
bitten in outdoor privies where in the dark the individual came in con- 
tact with the spider. 

The Lactrodectus mactans female which is the poisonous member ot 
, i Sliecics may be identified by its black color and br.ght red hour- 

1 1 , • on t he ventral surface. The abdomen ol the Jemaie is 

crlass lUtiiiviUo 
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larger than the male. D ’Amour and co-workers 10 and Blair 0 "give good 
descriptions of the life cycle and characteristics of the black widow 
spider. It has been reported by D ’Amour and co-workers 10 that the 
dried, black widow venom is, weight for weight, fifteen times as poison- 
ous as is rattlesnake venom. The dried residue from the venom of one 
spider weighs .064 mg. The toxic principle of the venom is a protein, 
probably an albumin. Hall 13 states that the toxin is a nonhemolytic 
neurotoxin which apparently exerts its effects on nerves and nerve 
endings. 


SYMPTOMS OF ARACHNIDISM 

The pain produced by the bite is often described as resembling the 
pain from a pinprick or a small splinter. Frequently patients may 
pay little or no attention to the bite and may not give the incident in 
reciting the history of their illness unless specifically questioned. The 
local lesion may appear as a small red pin-point area or may be invisible. 
Usually in from one-half to two hours the individual complains of 
cramping pains which have their origin in the muscle groups near the 
location of the bite. "When bitten on a lower extremity or the genitalia 
the cramps are first noted in the thighs and hips. In a short time the 
pain is apt to spread to the abdomen and to be excruciating in intensity. 
Patients with this condition often appear to have pain comparable in 
severity to that caused by renal colic, perforated ulcer, or coronary 
occlusion. A careful history may be difficult to obtain because of the 
severity of the pain. Further questioning usually reveals severe pain 
>u the thighs, back, and lower chest as well as in the abdomen. The 
abdominal examination shows the presence of boardlike rigidity al- 
though the abdomen usually moves with respiration. 2 ’ 5 Also, there is 
less tenderness than one would expect to be present in peritonitis pro- 
ducing such marked rigidity. The temperature is apt to be normal 
when the patient is first seen but fever is likely to develop a few hours 
later, usually being about 100° F., although occasionally patients have 
temperature of 101 or 102° F. There may be nausea and vomiting but 
these symptoms occur less frequently than might be expected in pa- 
tients exhibiting such marked abdominal rigidity. Leucocytosis of a 
moderate degree is usually present. 


TREATMENT 

The great majority of patients recover completely from arachnidism 
111 *T’ oni one to three days with conservative measures regardless of the 
Particular form of therapy used. The large variety of remedies which 
wve been recommended speaks for the inefficiency of most of the agents 
>» producing relief. Morphine sulfate in doses of Vi and 14 gr. for an 
adult frequently gives only partial relief of pain. Magnesium sulfate 
L's often been used intramuscularly in patients with arachnidism with 
»it little evidence oi' improvement. Intravenous calcium gluconate is 
iceonnnended by many but exerts relatively little effect on the patient’s 
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geiieral condition. Spinal puncture also has been used without evidence 
of definite improvement. Frequent hot baths have been found to be a 
real help in making 1 these patients comfortable. 

Specific Laetrodectus mactans antiserum when used relatively soon 
after the bite has been received, now seems to -offer the best opportunity 
for reducing the morbidity of the condition and of making the patient 
comfortable. Noon and Alinear 18 reported spectacular improvement in 
six patients receiving specific antiserum when given relatively soon 
after the bite. Kirby-Smith 22 has also observed marked improvement 
following the use of specific antiserum in several patients in which it 
has been used since his report published in February, 1942. Specific 
antiserum gave relief of pain and subsidence of abdominal rigidity in 
four children reported in Table I. No beneficial results were observed 
in one adult that received antiserum. The animal experiments of Hall 13 
using specific antiserum, support the clinical observations that to be 
efficacious the antiserum must be used early. Bogen 8 reported “en- 
couraging results” from the use of human immune serum. However, 
D ’Amour 11 showed experimental!}" that human immune serum is far 
less potent than the specifically prepared antiserum. 


END RESULTS 

As stated above, the great majority of patients with arachnidism 
recover without sequelae in from one to three days. The mortality rate 
of 6.6 per cent as given by Bogen and frequently quoted in the liter- 
ature appears to be erroneous. These deaths were not collected from 
established reports in the literature but were collected from newspaper 
articles, death certificates, and personal communications. 9 Kirby-Smith 
reports no deaths among 2S4 cases collected from the literature by 
various authors. 10 

Fatalities do oeeui', although they must he relatively unusual. Noon 
and Minear 18 and Kirby-Smith 10 each report one fatal case. Beasley 1 
recently reported a death ascribed to arachnidism and gave the autopsy 
findings in the case. 


COMMENT ON TABLE I 


The fifty-six cases reported in Table I were seen in the John Gaston 
Hospital, Memphis, Tenn., between 1933 and 1942 inclusive. The clinical 
picture presented by this group of patients was essentially that which 
has been outlined above. Twenty-five of the patients were bitten on 
either the buttocks or the genitals. Severe abdominal pain was the most 
. ortant symptom and boardlike rigidity was usually found to be 
m _ t on abdominal examination. Occasionally patients showed nor- 
P1 ^ Tomnerature charts. The patients in thirty-one of the fifty-six eases 
TV d had a maximum temperature of 99 to 100° F„ while nine dc- 
stuclie p or above. Five patients had nausea and vom- 

veloped lever ^ usuallv pre .se„l. No significant changes were 

found onexamination of blood pressure, spinal fluid, or uvme. 
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10 therapeutic agents used varied considerably in the series 
Morphine, atropine, magnesium sulfate, calcium gluconate, specific anti - 
serum ami repeated hot baths were among the methods used. Morphine, 
10 baths, and specific antiserum when given relatively early seemed 
11)010 advantageous in treatment than the other methods. Two patients 
were subjected to celiotomy, the preoperative diagnosis being perforated 
ulcer m one and perforated appendix in the other. There were no fatal- 
ities in this series. 


SUMMARY AND CONCLUSIONS 

Lhc severity and predominance of abdominal symptoms and signs in 
patients with arachnidism make it necessary that surgeons have a clear 
conception of the condition if needless operations are to be avoided. 
Patients, although aware of spider bite, often fail to realize the causal 
relationship between bite and symptoms. The absence of abdominal 
tenderness and the presence of movement of the abdomen with respira- 
tion arc important, differential features in recognizing the syndrome. 
Specific antiserum given early after the bite seems to be the most rational 
therapy at this lime. Pil'ty-six cases without a fatality are reported. 
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AN EVALUATION OF SOME OF THE MATERIALS COMMONLY 
USED FOR THE PREOPERATIYE PREPARATION 
OF THE SKIN‘- S 


C. Alexander Hatfield, M.D., and John S. Lockwood, M.D. 
Philadelphia, Pa. 

(From the Harrison Department of Suigical Ji eseaich Schools of Medicine, 
University of Pennsyliaiua ) 


T" 1 HAT methods for evaluation of skin antiseptics have been generally 
* unsatisfactory is evidenced bj r the voluminous literature on the 
subject and by the great variety of antiseptics which are employed for 
skin preparation in hospitals throughout the country. The main rea- 
son for this unsatisfactory state of affairs is that the conventional 
methods of evaluating skin antiseptics in vitro, while failing to meet 
the practical test of the action of the antiseptic on the skin, have never- 
theless been used to promote the sale of eomvneicial antiseptics. 

At the same time, with so many far more dramatic fields of research 
open to the student of surgical problems, the investigation of skin 
antiseptics has not been systemieally pursued by many individuals with 
adequate baeteriologic equipment and, at the same time, the point of 
view of the practicing surgeon. The work of Philip Price, of Baltimore, 
is the outstanding exception. 

In choosing an agent for skin sterilization, the surgeon may relegate 
to positions of secondary importance the assembled data on the test- 
tube effectiveness of the various preparations, since the conditions em- 
ployed resemble only in remote fashion the conditions provided by the 
skin itself. Furthermore, the surgeon will bear in mind the practical 
conditions under which antiseptics are employed clinically, particularly 
for supplementing the cleansing action of the preoperative scrub, and 
for preparing the sldn of the operative field. The surgeon will require 
that the substance be active against skin flora, whether pathogenic or 
nonpathogenic, since the distinction is only a relative one; that it have 
a low surface tension, so as to make intimate contact with the skin; 
that it be active in the presence of organic material and soap ; that it 
do more than produce a sterile film on the skin surface, beneath which 
bacterial proliferation continues; that it not be irritating to the 
scrubbed skin ; and, finally, that the cost of the quantity necessary im- 
practical conditions should not be excessive. 

It might have appeared unlikely that any experimental method could 
be found which would simultaneously take into consideration all of the 


•This study was financed by a special fund for the study of skin disinfection, to 
r- 1 r Generous and unrestricted contributions were made by the Abbott Laboratories, 
Lilly and Company, and G. D. Searle Co. 

Presented at the meeting of the Society of University Surgeons, Chicago, III., Feb. 
u '13, 1943. 
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above factors. However, at about the time we decided that some work 
must be done on this problem, Price published a new method which 
seemed to us to provide new and sound principles, and we, therefore, 
used his technique as a starting point in our own work. 

In the Price method, counts of the number of bacteria washed off 
during eaeli of a series ot one-minute scrubs are obtained by subjecting’ 
the wash water from each period to a standard plate count procedure. 
After determining the standard rate of removal of bacteria from the 
skin with soap and water alone, one may apply any given antiseptic 
and see to what extent this antiseptic modifies the subsequent rate of 
removal of bacteria. The advantage of this method is that it actually 
tests the antiseptic on the skin; and, by modifying the time of applica- 
tion of the antiseptic and by using many individuals as test subjects, 
it is possible to take into consideration all of the factors which were 
indicated above. The chief disadvantages of the teclmique are that it 
is very tedious and the production of results is necessarily slow be- 
cause no one individual can carry out more than one experiment per 
week. The latter limitation is a result of the necessity for allowing 
time for regeneration of skin flora after vigorous scrubbing and “de- 
germation. ’ ’ 

METHOD 


In order to simplify the description of the experimental technique 
which was finally adopted we will list the essential materials and sup- 
plies: 

15 sterile basins 
15 sterile brushes 

15 lots of Ivory Snow, 1 Gm. each 
Tubes of broth culture media, 4 c.c. each* 

Tubes of melted nutrient agar, 9 c.c. eachf 
Sterile enamel cups for antiseptics under test 
Sterile gauze sponges and sterile towels 


Procedure. — The “scrubber” stands on one side of a laboratory 
table placed adjacent to the sink, and facing the assistant. Necessary 
materials are arranged within reach. After preliminary moistening of 
the forearms and hands, 1 Gm. of Ivory Snow is placed on a moistened 
terile brush and a cycle of scrubbing is commenced which is accurately 
timed with a stop watch. After a few seconds devoted to working up 


•Neopeptone broth: 
Distilled water 
Neopeptone 

DeX &t PH to 7.3 


1 L. 
25 Gm. 
0.5 Gm. 


Jutrient agar. ^ ^ 

listllled water x Gm . 

feopeptone 8.5 Gm . 

iodium cliloriae 10 cc . 

Jlycerin 15 Gm. 

Vsar 

£dd .‘Use "serum to 


melted agar immediate^' before pouring plate 
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a lather in the moistened palm, the palm and fingers are scrubbed for 
five seconds; the nails for five seconds; the back of the hand for five 
seconds, and the forearm for fifteen seconds. The brush is then placed in 
the scrubbed hand and a similar procedure is carried out on the other 
hand and arm. The assistant then rinses the lather from the hands 
and forearms with a liter of tap water, the rinse water being collected 
in a sterile basin. The assistant withdraws two 1 c.c. samples of wash 
water and places them in each of two tubes of broth in order to remove 
the bacteria, as rapidly as possible, from the concentrated solution of 
soap. While the assistant is carrying out this procedure, the scrubber 
selects another brush and prepares to carry out another cycle of scrub- 
bing. These cycles may be repeated for as many intervals as desired. 
In obtaining control data on soap and water alone, it is necessary to 
have about fifteen of these cycles. In experiments involving evalua- 
tion of an antiseptic, the scrubbing cycles are interrupted at some arbi- 
trary interval, such as at the end of ten minutes or cycles. At this 
time, the hands and forearms are thoroughly dried with a sterile 
towel. The antiseptic is applied with a saturated sponge, the period 
of application being timed with a stop watch. In our experiments, we 
have also timed the period of drying of the antiseptic. Any unfixed 
antiseptic is then washed off with a liter of tap water and the series of 
scrubbing cycles is resumed, usually for five additional minutes. After 
completion of the entire period of scrubbing, the tubes of broth are 
thoroughly shaken exactly forty times with violent agitation and 1 c.e. 
of the mixture of soapy water and broth is placed in a tube of melted 
agar. The agar is poured out into a Petri dish which is subjected to 
standard manipulation in order to obtain uniform distribution of its 
contents. The agar plates are allowed to harden and are then incubated 
in an inverted position for forty-eight hours at 37.5° C. After the plates 
are counted, it is possible, after averaging the values of each pair of 
Plates, to calculate the number of bacteria per cubic centimeter of 
wash water at each specific phase of the scrubbing period. 

This procedure differs from Price’s method in employing measured 
quantities of water and soap and in the use of individual sterile brushes 
for each scrubbing cycle. We have also provided for rapid separation 
of the test sample from the soapy water in order to avoid the deleterious 
effect of the alkaline soapy solution on the bacteria. These modifications 
do not alter the basic principle of the procedure, but are designed to 
improve the accuracy of the results. 

Method of Calculation.— In Price’s reports, the results of each scrub 
ai 'e subjected to a rather complicated mathematical procedure through 
which lie arrives at an estimate of the total number of bacteria remain- 
ing on the skin of the hands and forearms at each given cycle in the 
scrubbing period. Even with the revision in methods of procedure 
which we have employed, we have not been able to satisfy ourselves 
that the experimental technique is of sufficient mathematical accuracy 
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to justify this type of computation. There is so modi variation between 
individuals and between different scrubs by the same individual, that 
any final conclusion must be based on averages of many experiments if 
it is to enjoy real significance. After trying out a number of different 
methods o£ calculation, we finally concluded that the one most satis- 
factory, within the limits of accuracy of the procedure, is as follows. 

1. We have ignored the wash water counts obtained during the first 
five minutes of scrubbing. This is the time during which the greatest 
variation takes place, and the magnitude of the counts is dependent upon 
many variable factors, most important of these being the length of the 
time interval since the preceding scrub. 


Colonies 
-per cc. 



mir 1 Determination of Ki for average of thirty-six scrubbing experiments of fifteen 

"■ ‘ minutes each. 


2. We have found in 226 experiments that the number of bacteria 
removed during the second five minutes of scrubbing is reasonably con- 
stant for different individuals and in different scrubs by the same indi- 
vidual The average rate of removal of organisms is about 1200 per e.c. 
tier minute or cycle during the eighth minute or cycle, and about 900 
P duriiw the tenth minute. At this point the disappearance curve 
f l , ‘ nnm’oach the horizontal (Fig. 1). Even though scrubbing with 
tends PP e jg cou tinued for as long as thirty inmates, one 

S ° aP i nn 11P to remove bacteria at the rate of about 200 per e.c. per 
would con designated the curve represented by the second five 

Bunute. u e < g a curve which drops from the value of 

minutes of seru & -minute during the sixth minute to about 900 

roughly 1800 per e.c. per nunu 



HATFIELD AND LOCKWOOD: PKEOPBR VTIVE PREPARATION OF SKIN 935 


per c.e. per minute during the tenth minute. An additional five min- 
utes’ scrubbing would reduce tills to about 600 per c c per minute. R 2 
designates the final five minutes or cycles of scrubbing after the appli- 
cation of the antiseptic. Since the curve is almost horizontal at this 
point, particularly after the application of an effective antiseptic, one 
may average together the bacterial counts for the last five minutes into 
a single figure for each of the experiments. “When values for R 2 from 
a number of different experiments with the same antiseptic are averaged 
together, one arrives at a figure which characterizes the effectiveness of 
the antiseptic agent. The acceptability of this method of calculation is 
due to the fact that the best skin antiseptics afford Re values of less than 
10 bacteria per cubic centimeter per minute in contrast to the control 
values which are never less than 500 to 600 bacteria per cubic centimeter 
per minute. The lower the value of R 2 , the greater the effect of the 
antiseptic. The validity of this conclusion depends in part upon the 
reasonable but unproved assumption that the rate of removal of patho- 
genic bacteria from the skin at any given time is dependent upon the 
number of living bacteria on the skin at that time. 5 

RESULTS 

In order to simplify the presentation of a somewhat unwieldy mass 
of data, we present Tables I, II, and III. These state the number of 

Table I 


Determinations of B. for Some Commercially Avail \ble Antiseptics’* 



NO* OF 

AVERAGE 

RAJSGE OF 

SUBSTANCE 

experiments 

| K. 


Tincture “Q” 

p chloro sj mm m dimethyl hydroxy 
benzene p tert amyl hydroxy 
benzene and neutral soap. Solu 
tion 5% m 70% alcohol by 
weight 

Tincture “Cj’’ 

3t 

1GS 

90 240} 

197 636 

4 

377 

1% aqueous solution 



145 423} 

Tincture “ Q ” 

5% 

Tincture “X” 

G 

270 

31 

220 

123 265 

Mixture of high molecular alhvl 




(limcthjlbenzjl ammonium clilo 
rides 


1 


Tincture “S’* 

0 

123 

6S 200 

2 rurjlmercuric lijdroxide 


j 

137 

37-270 

Tincture “V” 

4 

1% 4 Nitro anhjdro hydroxt mercuri 


j 


ortho cresol 


79 


Tincture “T” 

of 

30-106 

Secondary amyl tricresols .1% ortho 




hjdroxjphentl mercuric chloride 
.1% 


104 

SO 


<0% Ethjl alcohol bj weight 

91% Ethjl alcohol 

9 

i 

S5-415 

17-169 


*1 minute exposures (30 second application, 30 second drying). 
(Series not complete. 

{Marked lmtaUon. 
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experiments of each type, the average value for R 2 for these experiments, 
and the range of variation of the Rj figures. Table X concerns experi- 
ments in which the antiseptic was applied for thirty seconds and al- 
lowed to dry for t liirty seconds. Table II is concerned with a larger 
number of experiments in which the antiseptics were applied for two 
minutes and allowed to dry for two minutes. It is noted that in some 
cases the range of variation is great, whereas, in others, all of the values 
obtained in seven to nine experiments are consistently low. 

Tabu: II 


Determinations oe R, von Some Commercially Available Antiseptics* 


SUBSTANCE 

NO. OF 
EXPERIMENTS 

AVERAGE 

R* 

RANGE 

** 

Tincture “X” 

0 

m 

17-242 

Tincture “U” 

Sodium otliyl-moreuri-thiosalieylato 

9 

123 

20-463 

Tincture “V” 

9 

32 

5- 55 

Tinctuie “W” 

7 1 

35 

24- 68t 

Tincture “T” 

9 

27 

6- 66 

Tincture “S” 

9 

24 

7- 47 

Chrvsoidin Y mixture 

9 

46 

19- SOt 

70% r.-opropyl alcohol 

0 

20 

21- 31 

70% Bthvl alcohol (bv weight) 

10 

18 

3- 56 

95% Etlivl alcohol 

10 

12 

6- 27 

Tincture iodine followed by 95% ethyl 
alcohol t 

7 

7 

5- 9 


*1 minute exposures (2 minute applications; 2 minute drying), 
tlodine applied for 30 seconds. 
tAIarkcd irritation. 


Time of Application . — A glance at Tables I and II shows that the R 2 
values are much lower with four minutes’ exposure than with one min- 
ute exposure. Furthermore, it seems to be generally time that the agents 
which are most effective with the brief period of exposure are also most 
effective with the longer period of exposure. Besides emphasizing the 
obvious importance of the time of action in chemical antiseptics, this 
relationship of the figures tends to uphold the general validity of the 
technique. 

Mercurial Agents . — Five proprietary tinctures of mercurial anti- 
septics were included among the agents studied. It was pointed out by 
Price 4 that some mercurial agents, particularly bichloride of mercury, 
are capable of producing a sterile surface on the skin as a result of the 
formation of a surface coagulum which may remain intact for a con- 
siderable period of time. However, it was believed that bacterial 
liberation could take place at an active rate beneath this film, and 
II the end result would likely be a higher population of bacteria in the 
. ,, wou id have been the case had the mercurial agent not been 

slcm r ‘ n advantage of the experimental technique employed by 
applied. tlmt vigorous mechanical scrubbing will remove this 

Price and by g bacter i a which might otherwise remain behind 

surface film a f j a £ a were obtained concerning the duration 

the superficial barrier. 
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of the action of the several agents, onr emphasis being placed primarih' 
on the immediate effect. 

The mercurial antiseptics employed as the commercial tinctures were, 
as a group, in the intermediate range of effectiveness, as shown in 
Table II. Of these agents, tincture S showed a slight, though possibly 
significant, advantage over the other agents in this group, namely tinc- 
tures T, U, V, and W. Tincture U appeared quite consistently to he the 
least effective of the mercurial preparations. Where the period of ex- 
posure to the antiseptic was only one minute, the differences between the 
several mercury-containing preparations are not significant, although 
tincture T appeared to be most active. The vehicle of tincture S was 
tested and was found to have an average Rs in four experiments of 113 
with a range of 74 to 138, indicating that it was markedly less effective 
than the complete preparation. 

Chrysoidin Y Mixture * — Slightly less effective than the mercui’ial 
agents was chrysoidin Y mixture, which happens to be an antiseptic 
now in eommon use in several Philadelphia hospitals. The average R 2 
figure of forty-six is higher than four out of five of the mercurial agents. 
Though one of the prevailing arguments for its clinical use, in addition 
to its recognized inexpensiveness, has been its freedom from iri’itation, 
it was noted that the application of this substance to the skin for four 
minutes resulted in irritation, particularly of the skin of those individ- 
uals with light complexions. 


Tincture X . — The agent, tincture X, has been the subject of a number 
of highly enthusiastic reports 3 ’ 6 and there is no question but that under 
certain experimental conditions it possesses very powerful antiseptic 
qualities. However, in our hands, it has been a decided ly limited value 
when applied to the freshly scrubbed skin. This is possibly due to the 
fact that it is known to be inactivated by soap. 3 We made no attempt 
to exclude soap from the skin before applying any of the antiseptics 
because of the fact that soap is still the detergent most commonly used 
in preoperative skin preparation. It would seem most undesirable to 
rely for skin sterilization on an agent which was incompatible with 
traces of soap. This does not imply that tincture X may not be of 
definite value in other types of sterilization. 

Alcohols . — As a group, the most effective preparations were the alco- 
hols. This fact coincides with the findings of* Price. 2 He recommended 
the use of ethyl alcohol of 70 per cent by weight, and believed that the 
effectiveness of the alcohol might possibly be increased by adding a cer- 
tain amount of isopropyl alcohol. 2 In our experiments, the effectiveness 
°f 70 per cent alcohol by weight was exceeded only by that of 95 per 
Per cent ethyl alcohol. In this respect, our findings differ from those of 


•Chrysoidin Y 
Bichloride of men 
Concentrated HG1 
Acetone 
ethyl alcohol 
distilled water, q. 


2 Gm. 
1 Gnu 
7.5 c-c. 

100.0 c.c. 

525.0 c.c. 
1,000 c.c. 
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Price, and from the prevailing impression that 70 per cent alcohol is a 
more effective antiseptic than is 95 per cent alcohol. When exposure 
was limited to one minute, 95 per cent alcohol appeared to be very much 
more effective than 70 per cent alcohol. The difference was not as sig- 
nificant when the period of exposure was increased to four minutes. It 
was observed that when the 95 per cent alcohol was allowed to diy, the 
Re tended to be lower than was the case when water was applied before 
the drying of the alcohol had been completed/ "When the drying was 
not completed, there appeared little difference between 70 per cent by 
weight alcohol and 95 per cent alcohol (Table III). Seventy per cent 
isopropyl alcohol possessed approximately the same degree of antiseptic 
effectiveness as 70 per cent by weight ethyl alcohol. 

Table III 


Determinations op R, for Ethyl Alcohol* 


SUBSTANCE 

NO. OK 
EXPERIMENTS 

AVERAGE 

K ; 

RANGE 

r. 

05 % Ethyl alcohol 




Allowed to dry 

10 

12 

6-27 

Drying avoided 

4 

26 

17-4S 

70% Ethyl alcohol (by weight) 




Allowed to dry 


IS 

3-56 

Drying avoided 

3t 1 

21 

18-24 


•Two minute exposures. 
tSerles not complete. 


Iodine . — The effectiveness of 95 per cent alcohol was increased slightly 
but definitely by a preliminary application of tincture of iodine. In 
seven experiments with iodine followed by 95 per cent alcohol, the aver- 
age Ivj was seven and the maximum R 2 obtained was nine. Both in 
respect to the average figure and the maximum figure, this combination 
of iodine and 95 per cent alcohol was superior to any other preparation 
studied. Iodine is the antiseptic which has probably enjoyed more gen- 
eral use over a long period of time than any of the other skin antiseptics. 
It is interesting to note that laboratory studies of the type here reported 
serve to point out that the trend away from iodine to more expensive 
and complicated preparations has not been based on sound evidence. 
While iodine is undesirable for use by the surgeon in preparation of the 
skin of the hands and forearms because of its staining properties, there 
is every reason to believe that tincture of iodine is the most desirable 
an-ent for preparation of the skin of patients in the operating room. 
According to our figures, it may he desirable to remove the tincture of 
' dine with 95 per cent alcohol in order both to reduce the irritating 
properties of the iodine and also to augment the effectiveness of the sldn 

prepaiat ^ ^ modified phenol preparation known to be compatible 
-I included in the series in order to have data on a repre- 


name, 


^ n .&^” d throu L S Vthe 


t x. Fink Products Corp.. — — . 

y Lehn f ^JJ“ tesy 0 £ Dr. E. G. Rlarmann. 


Bloomfield. N. J., under the tiade 







HATFIELD AND LOCKWOOD: PREOPERATIVE PREPARATION OF SKIN 939 


sentative of this group. The material studied was a preparation contain- 
ing p-chloro-symm.m-dimetliyl-hydroxy-benzene, p-tert. amyl-hydroxy 
benzene and neutral soap. Both aqueous solutions and tinctures of this 
preparation were studied. It proved to be virtually without effect on 
the skin, and, in fact, the vehicle in which the tincture was dissolved 
proved to be just as effective as the tincture containing the supposedly 
active agent. When the strength of the material was increased to a 
point at which some slight degree of effectiveness appeared, the prepara- 
tions were found to be quite mutating to the skin and could not be 
tolerated. When a 5 per cent tincture of the material was incorporated 
with 70 per cent by weight ethyl alcohol, conceded to be an effective 
antiseptic, the resulting mixture was found to be almost identical in 
effectiveness with the 70 per cent alcohol alone. 

DISCUSSION 

Although it would be desirable to have a method of evaluating skin 
antiseptics by which comparison might be made on a more accurate 
mathematical basis than that here described, we are inclined to believe 
that tlxis eomes as close to pi’oviding a simple and satisfactory test 
method as any that has been put forward. In its future application, 
the method could undoubtedly be simplified. For example, if a pre- 
liminary scrub of ten minutes were carefully conducted, the antiseptic 
then applied, and careful bacterial counts obtained on the wash water 
tor a period of five minutes after the application of the antiseptic, a 
series of reduplicated tests would provide a satisfactory estimation of 
the practical efficiency of any agent proposed for skin sterilization. We 
emphasize the necessity for carrying out bactei’ial counts for at least 
five successive minutes of scrubbing in order to eliminate sources of 
error inhei'ent in any method of collecting and counting bacteria. Fur- 
thennore, it is desirable that the tests be carried out by several different 
individuals and that a total of at least four experiments be carried out 
with each individual preparation if reliable interpretations are to be 
obtained. It must be emphasized that satisfactory results will only be 
obtained if the scrubbing cycles are conducted with careful precision, 
nnd if the baeteriologie procedure is carried out in accordance with 
sound practices. 

It is not the purpose of this paper to enter into a discussion of the 
Reasons why the alcohol preparations appear to be more effective than 
miy of the commercial antiseptics tested. While skin preparation is 
unquestionably the widest field of use for chemical antiseptics of the 
types here considered, there are undoubtedly certain fields of usefulness 
tor antiseptics in which alcohol is entirely unsuitable. Furthermore, it 
m possible to use alcohol in strengths of 70 to 95 per cent, while the con- 
centration of active agent in most tinctures is only a fraction of 1 per 
cent. The surgeon is concerned, however, with the elementary question 
0£ what method of preparation will result in the least possible number 
of living organisms on the skin of the operating personnel and on the 
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skin at the site of the operation. Furthermore, he must rely on agents 
which will be well tolerated by the skin and, in testing them, must em- 
ploy the concentrations sold commercially. With these considerations 
in mind, we are inclined to recommend that principal reliance be placed 
on soap and water and ethyl alcohol in the preparation of the skin of 
operating personnel. Since the skin of the patient is not scrubbed for 
ten minutes, it is probably advantageous to precede the alcohol treat- 
ment witli an application of 3.5 per cent tincture of iodine. The ideal 
concentration of alcohol is 95 per cent, but, for reasons of economy, it 
may be necessary to reduce the concentration to 70 per cent by weight. 
Such a compromise can be made without sacrificing more than a frac- 
tion of the effectiveness of the material. 

We urge, also, that in the use of alcohol and in other skin antiseptics, 
the surgeon recognize the fundamental importance of the factor of time. 
Two minutes of continuous application of the alcohol to the skin is de- 
sirable, preferably accompanied by mechanical rubbing. The alcohol 
should be left to evaporate in order further to extend the period of 
its actions. 


CONCLUSION 

Through a modification of the Price technique by which the effective- 
ness of antiseptics on freshly scrubbed skin is evaluated, it is concluded 
that ethyl alcohol in strengths of 95 per cent and 70 per cent by weight 
is preferable to any of a group of commercially prepared agents spe- 
cifically designed for skin sterilization. 
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j HE treatment of Hirschsprung’s disease has undergone some changes 

iu the last two decades. While it is certain that no one form of 
treatment is helpful to all cases, there is now, with more variety of 
treatment, a greater chance of benefiting every patient. However, med- 
ical management was very unsatisfactory until the development of the 
newer autonomic system drugs such as the parasympathetic drug, 
mecholyl (Law 1 ), and sympathetic drug, syntropan (Klingman 2 ). Since 
Law’s 1 report, in 1940, not many eases in which this treatment was used 
have appeared in the literature but it is likely more will. Drug therapy 
is in large part a trial-and-error type of treatment as there is no way 
°f being' certain whether the parasympathetic system is underactive 
or the sympathetic overactive, although spinal anesthesia may be diag- 
nostic in determining overaetivity of the sympathetic system. However, 
one drug or the other is usually helpful in the mild or early cases and 
possibly could keep the condition in check if begun early in infancy. 

Since 1927, when Wade and Royle 3 reported the first operation for re- 
moval of the lumbar sympathetic ganglion in the megaeolon, surgical 
treatment of Hirschsprung 's disease has consisted primarily of this oper- 
ation. The literature since 1930 has contained an increasing number of 
reported “cures” of megaeolon and even chronic constipation following 
this operation. One wonders how many failures are omitted from the 
literature. The operation for resection of the affected part of the colon 
is mentioned only to he condemned except in the report by Dixon 1 and in 
the hook by Ladd and Gross. 5 

Tlie two main reasons for the disrepute of this operation are first, the 
high operative mortality and second, the likelihood that the condition 
may recur in the portion of the colon remaining. Perhaps the first 
situation may have been true fifteen or twenty years ago but should not 
be now. We are of the opinion that the second can perhaps be prevented 
by the better medical program now available. 

Of pediatric us well as surgical interest is tile variability of signs of 
Hirschsprung's disease in the first few weeks of life. At times the onset 


I'resentcJ at the im etlng of the Society of University Surgeons. Chicago, 111. Feb 
11-13, III 13. * 1 

on 
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of constipation and distention may be late and the presenting sign may 
be vomiting. In our series of six cases the early severe vomiting was 
a pronounced feature in four (Cases 1, 2, 3, and 4) of the infants. 
. s may 1)0 Just anotilor manifestation of motor imbalance of the gastro- 
intestinal tract which as it progresses tends to localize in the lower rather 
than the upper tract. 

Since two of our patients did not respond to bilateral lumbar sym- 
pathectomy and the other four did not respond satisfactorily to medical 
treatment, surgical resections were done. In the following case reports 
all laboratory reports were normal except as indicated. Proctoscopic 
examination was routine and was always negative for any evidence of 
obstruction. The sigmoid was uniformly dilated. The pathologic report 
on the resected portions of colon was similar in all eases, that is, muscular 
hypertrophy with round cell infiltration and no change in nerve cells. 
These findings were typical of those of Hirschsprung's disease. 


CASE REPORTS 


Case 1. — T. P., a male, first entered this hospital Sept. 22, 1921, at G days of 
age, with the chief complaint of vomiting and refusal to nurse for three days. The 
abdomen was moderately distended and there were slow peristaltic waves from the 
left costal margin to the umbilicus. Projectile vomiting occurred two or three 
times daily while in tho hospital. 

The second entry was at the age of 3 months. The chief complaint then was con- 
stipation. Barium enema was done, this time revealing the colon to be of large 
caliber with an elongated dilated sigmoid loop. 

In a follow-up note at the age of 1 years he was reported to be having hut one 
bowel movement per week and that following enema. Six months later he had a 
complete obstruction duo to fecal impaction. 

The next admission was at 7% years of age. At that time the complaints con- 
sisted of vomiting, no bowel movements without enemas, anorexia, and loss of 
weight. Repeated barium enema showed the colon to be dilated to three times nor- 
mal size from the mid-transverse colon to the lower half of the sigmoid. Spinal 
anesthesia was given with GO mg. of neocaine without any change in the colon. 
Bilateral lumbar sympathectomy was done on March 12, 1932, through the abdominal 
approach. At operation it was noted that the sigmoid and lower two-thirds of the 
descending colon were very large and distended with pale, grayish thickened walls. 
Spontaneous bowel movements occurred within the few weeks after operation. For 
the next four years he continued to have daily bowel movements with the use of 
mineral oil and cascara nightly. Fecal impaction then occurred requiring hospital- 


* Two weeks later, at the age of 12, he was again hospitalized because of volvulus 
of the sigmoid colou and fecal impaction. At this time a three-stage Mikulicz pro- 
cedure With resection of the sigmoid colon was done. Recovery from this operation 
ntful and he was again having normal bowel movements on discharge, 
was micro ^ ^ W3g again hospitalized for fecal impaction. Barium enema at 
° ne ye !Lrod a narrowed area at the junction of the descending colon and rectum, 
this tune s t tJl0 co!ott , ras atonic and dilated excessively. The descending, 

Proximal to s p eoJoil ac d cecum were normal in length but abnormally 

transverse, an as t ° , ng0 ^ emptying of the bowel following defecation, 

wide. There was f lUr P ri 1 ° in'tfie outpatient department, usually for some com- 

Thereafter^ ® hfl prim3J y disturbance. When last seen, at the age of 17 
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years, be was reported to be in good health with good appetite, normal weight, and 
an abdomen that was flat and soft. Occasionally he had mild episodes of consti- 
pation relieved by laxatives. Thus, for five years he has had a fairly normal course 
regarding bowel habits. 

This case was unsuccessful after a sympathectomy; it presented one of the 
dangers, that is, obstruction due to volvulus. It was interesting to note the change 
in disposition when the patient’s bowels were functioning normally as contrasted to 
a sullen, toxic-looking chap when he had a fecal impaction. 

Fig. 1 shows the x-ray study of his large bowel in 1910. While there is dilatation 
of the bowel, as shown, he has normal bowel habit. 



Fig. 1 (Case 1). — N-ray taken Feb. 2, 1D40. 

Case 2. — G. V., a female, was admitted to this hospital for the first time at the 
age of 3 weeks. She was vomiting frequently and had lost weight. Bowel move- 
ments were infrequent and obtained only after suppositoiies. Barium enema showed 
a spastic narrowed rectum with slightly dilated atonic colon and abnormally dilated 
deum. She was admitted twice more in the next three months because of increase 
of \omiting and constipation. At the age of 2 months a spinal anesthesia and barium 
enema were done with no increase in expulsion of stool. 

At the ago of (i months the vomiting again became seiere and there was no stool 
men with milk of magnesia and mineral oil. At this time the abdominal distention 
was first observed and there were visible peristaltic wines. Barium enema and 
spinal anesthesia were repeated without beneficial result®. After this admission the 
mfant was brought to the outpatient department for colonic Hushes as the home 
caro was inadequate. Outpatient department visits became infrequent and when next 
seen at the ago of years it was reported that she had done fairly well in the 
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interim with mineral oil) laxatives, and enemas. At that time barium enema showed 
marked dilatation of the whole bowel. Surgery was advised. 

Her fifth admission was on March 1, 1939, at the age of 5 years. Following pre- 
liminary cleansing of the colon a Mikulicz procedure was done with resection of 72.5 
cm. of largo bowel from the sigmoid up to the mid-transverse colon. The postop- 
erative course was uneventful. On discharge she was having spontaneous daily 
bowel movement. Six weeks later she returned with a fecal impaction which was 
removed with oil retention enema. 

A barium enema at (he age of (5(4 years showed considerable dilatation of the 
distal half of the transverse colon. In the next three months she had two episodes 
of fecal impaction, one so severe as to cause partial obstruction. 

Nearly a year elapsed before her next hospital visit which was on Sept. 7, 1942. 
Her mother stated that she had been very well until three weeks before entry. 
Bowels had moved once or twice a day without mineral oil or laxatives. Flatulence 
had been quite marked. In the last few weeks her appetite had been impaired and 
there had been no bowel movement for three days. Laxatives had been given but 
caused abdominal pain and vomiting. On examination there was a large firm mass 
which took eleven days of mineral oil by mouth and rectum and a variety of dif- 
ferent enemas to remove. Barium enema after apparent cleansing showed an orange- 
sized mass in the sigmoid and soiue difficulty of passage of the barium through the 
site of previous anastomosis in addition to a dilated colon. One week after dis- 
charge another fecal impaction occurred and this had to be broken up under an- 
esthesia and removed manually. Surgery was again advised. 

Cecostomy and appendectomy were done Oct. 3, 1912, and ten days later a com- 
plete colectomy was done. At operation the large bowel from the point of previous 
anastomosis to the cecum and the distal three inches of the ileum was dilated and 
thick walled. The terminal ileum was transected and an end-to-side anastomosis 
with the lower sigmoid done. There was a moderately stormy postoperative course 
with liquid stools, moderate distention, anorexia and weight loss, occasional emesis, 
and colicky abdominal pain. Much of this was relieved by prostigmine but recovery 
was slow with much distress. 

She was home three weeks when there was a recurrence of colicky abdominal pain 
associated with vomiting. The abdomen was very distended with tremendous peristal- 
tic waves. It was felt that she had partial obstruction probably at the site of pre- 
vious anastomosis. The condition cleared in two days in the hospital. 

This patient had very poor home care. She did very well as long as she was in 
the hospital and away from her parents. 


Case 3. F. M., a male, was first admitted to this hospital on Sept. 11, 1910, at 

the a°-e of 3 years, with the chief complaint of severe constipation and abdominal 
distention since infancy (see Fig. 2). His early history was interesting in that 
ho was normal at birth and did very well for the first ten days. Vomiting then 
started and, four days later, severe diarrhea with profuse foul stools. In spite of 
various forms of treatment and many formula changes the diarrhea lasted for two 
V ' lr e lv 3 During this time he lost weight so that at 1 month of age his weight was 4 
0 ne-half of his birth weight. A soybean formula was tried and on this 
«° UU ffiarrliea ceased and lie began to gain weight. Within the next few weeks he 
tne ‘ tipated and this progressed so that bowel movements were secured only 
became cons laxat i ves . These were effective in producing three or four bowel 
with the use ^ for near iy two years but after that they were no longer ef- 

moveuients per resorted to enema. Meanwhile, there was progressive and 

fpptive and tne ^ 
iecLlv put of the abdomen. 

marked enlargem ^ exam j n ation was not remarkable except for the huge 

At the time of en r\ mlnation On barium enema the colon was distended 
abdomen which was doughy P- P 
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Pie. 3 (Case 3) — Taken Julj 10, 1941, nine months after s>mpathcctomy. 
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throughout its entirety with the descending portion dilated up to 10 cm. in diameter. 
After four hours 90 per cent of the barium still remained in the colon. 

Ho was given a six weeks’ trial of medical treatment which consisted of non- 
residuo diet, enema, vitamin B, physiotherapy to the abdominal muscles, mecholyl 
up to 0.2 Gill, twice a day, plus prostigmino bromide 0.015 Gm. daily, and finally syn- 



, v hut no spontaneous bowel movement occurred although a 
tropan 0.5 Gm. twice a emergejicy use of atropine. Bilateral sympa- 

severe reaction to the dr g . a out on Nov. 5, 1910. At operation through the 

thectoniy was decided U P® si gmoid and left colon were seen. Tliere was a 

abdominal approach ajnBnea^ ^ q£ the midd]e 0 f the transverse colon 


change m 


the bowel 
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and at the middle sigmoid area. The bowel between was soggy, thick walled, and 
rather lifeless. The right colon appeared normal, though somewhat dilated. He 
made an uneventful recovery, though without spontaneous bowel movement. 

Eight months later he was readmitted. He had gained weight and felt well but 
bowel movements were not normal, although occasionally he had a small one. A 
barium enema was repeated giving mecholyl and prostigmine but there was no in- 
crease in visible peristalsis. However, he was discharged on mecholyl 0.1 Gm. twice 
daily. 

He was again hospitalized two months later, Sept. 29, 1941. The interval history 
was that he had been having bowel movements almost daily with the mecholyl though 
suppositories were frequently necessary to initiate them. When the supply of 
mecholyl was exhausted three weeks before re-entry, constipation recurred. In spite 
of resumption of mecholyl in doses up to 0.3 Gm. twice daily, there were no spon- 
taneous bowel movements. 



Fig. G (Case 3). — Resected specimen. 


Sinco the family lived at a great distance from the iiospital and were often iso- 
lated during the winter for days at a time, it was felt that with the risk of volvulus 
not remote, a colon resection should be undertaken. Therefore, a preliminary 
cecostomy and appendectomy was done Nov. 10, 1941. 

On Dec. 3, 1941, at the ago of 4 years and 3 months, a left colon resection was 
done with an end-to-end anastomosis; 03 cm. of the colon were removed (see Fig. 6). 
Recovery was uneventful and was followed by daily spontaneous bowel movements. 
Fourteen months later, he was reported as having normal daily bowel morements. 
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Cask 1, D. S, a male, was Hi st admitted to this hospital on March 13, 1912 at 
io age of 3 jears and 1 months Ilia chief complaints w ere abdominal distention 
since birth and constipation since the ago of 0 months. Birth was normal but on the 
second day ho began \ minting. This was projectile and stained jellow green As 
this continued, a diagnosis of pjloric stenosis was made and an operation performed 
e sew here on the eleventh day Following the operation there was no further vonnt 
ing and stools were reported noimal However, on the fifth daj ibdominal distention 
ecamo so marked that the sutures broke and the incision had to be iep«ured The 
distention continued and considerable gas was passed bj rectum but the infant 
seemed well otherwise. 

At about C months of age constipation vv is first noted and this progressed as 
dnl the distention. Occasionally periods of diarrhei would occur. Earlj, mineral 
oil and laxatives were effective in control of constipation, but bj 1 jear of age 
only enemas produced passage of stool. 

Examination was normal except for the abdominal findings of moderate disten 
tion especially of the left lower quadrant where peristaltic waves were visible and 
hard fecal masses palpable Barium enema showed mild dilatation of the sigmoid 
This was repeated under spinal anesthesia, showing that the colon emptied into the 
sigmoid which in turn was unable to discharge its contents into the rectum and so be 
came more dilated 

He was treated with flushes and then mecholj 1 0.1 Gm. twice dailj Later prostig 
mine bromide 0 015 was added He developed a leaetion to meclioh 1 after nine days, 
but no spontaneous bowel movement. He was also given vitamin B and colonic 
flushes 

Since the diseased portion of the bowel seemed so well localized, resection was 
advised. On April 14, 1942, an appendectomj ind cecostomj were done and on 
May 1, 1912, a resection of the sigmoid loop (15 cm m length) and end to end 
anastomosis. At surgerj the sigmoid was found to be tin ee or four times normal 
size with a thickened wall. The sigmoid with a margin of noimal colon on either side 
was resected. Two grams of sulfanilamide vveie left in the abdominal cavity. Recov 
ery was uneventful with normal bowel movements before discharge 

He was seen at intervals in the outpatient department during the next six months 
He was having dailj normal bowel movements and if occasionally one daj missed, 
mineral oil corrected this The onlj complaint was occasional soiling but this 
seemed a behavior situation lather than true incontinence. 


Case 5 — F N, a female, was first admitted to this hospital on May 20, 1942, 
at the age of 4 jears, with the chief complaint of constipation since the age of 5 
months Mineral oil and molasses given daily relieved the constipation for the 
succeeding five months From the age of 10 mouths to 4 jears enemas were neces 
sary to produce a bowel movement A low residue diet and vitamin B gave no re 
lief Mecholjl lias been given m the few weeks preceding admission without results 
On admission the patient was very well developed and nouiished The oulj 
abnormal finding was the laige protuberant abdomen which a is doughj to pilpa 
tion with large fecal masses palpable on the Fit side Birium enema showed 

^derate dilatation of the sigmoid region Colonic flushes were given to cleanse 

“ l ° r . anJ t ‘ hell the patient was given mecholjl 0 05 Gm three times a daj for ten 
16 C ° _ tlle i e310 n was apparentlj well localized and f uled to respond to 
dajs mc snrn-erv was decided upon An appendectomj and cecostomj were 

medical rea n , o - ^ cm of slgnloJC | „ ere resected on June 23, 1942 The 

done on June o, u-t-, * *>-- .>■» ~.<i .. 


done on Juu , s to he normal except in the region of the sigmoid where it 
large bowel a PP®”® ctrate t)ie Jjfferencc between the thick walled soggj sigmoid 
i both distil and proximal. 

’ „ uneventful and a normal bowel movement occurred 

course was 


was easy to 
and the normal bovve 

The postoperative 
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on the fourth postoperative day. Cecostomy was closed on the seventeenth post- 
operative day. 

A follow-up on Feb. 1, 1943, showed a gain of live pounds, good appetite, and 
two to three formed stools daily without any medication. 

Case 6. — J. W., a male, was admitted to this hospital on July 17, 1942, for the 
first time, at the age of G 1 /* years. His early history was noteworthy in that he 
began having projectile vomiting the first few days after birth and this continued 
until the third month. Abnormal stools, infrequent but copious, were noted during 
the nursery period. Distention did not appear until the sixth week. Bowel move- 
ments occurred once to twice a week during the first two years in spite of the use 
of laxatives, vitamin B, and mineral oil. Colonic flushes were given every other 
day from the age of 2 years on. 

On examination the patient was normal except for the tremendously enlarged 
abdomen with thin walls and easily palpable colon. 

Treatment consisted of the routine cleansing procedure plus low residue diet 
and vitamin B. He was started on meeholyl and reached a dosage of 0.2 6m. twice a 
day and then prostigmine bromide 0.015 6m. was added with each dose of meeholyl. 
On this regime he had one single very small spontaneous bowel movement and no 
more. Barium enema under spinal anesthesia showed no change in the tremendously 
dilated colon. 

Cecostomy as a preliminary to resection was done on August 15, 1942, and 90 
cm. of the left colon were resected on September 2, with an end-to-end anastomosis. 
The diameter of the resected colon was 13.7 cm. There were enlarged nodes in the 
mesentery of both large and small bowel. The line of demarcation between diseased 
and normal bowel was quite distinct distally but less so proximally. Two grams 
of sulfanilamide were left in the peritoneal cavity and 1 6m. in the wound. His 
postoperative course was somewhat stormy with vomiting, abdominal distention, 
and low-grade fever. However, the cecostomy was finally closed three weeks later 
and about that time he began to have almost daily bowel movements. He was dis- 
charged on Oct. 10, 1942. 

He was readmitted two days later because of vomiting, abdominal pain, and tem- 
perature of 39° C. On examination he was dehydrated and obviously very ill. Ab- 
normal findings on examination were a moderately injected pharynx and distended 
abdomen, which was tympanitic. There was slight para-umbilical tenderness but no 
rigidity. Reetal examination was not abnormal. The white blood count, was 13,700 
with 74 per cent polymorphonuclears. Plain film of the abdomen showed huge dilata- 
tion of the colon which was filled with gas and showed fluid levels. Thin barium 
showed no obstruction. 

The patient was treated with intravenous fluids and Wangensteen suction. As 
there was no real improvement after two days of this therapy, an exploratory laparot- 
omy was done. No mechanical obstruction was found. There was a very large 
group of nodes in the mesentery of the small bowel. The appendix was found 
to be very large and firm but not markedly inflamed ; it was removed without ditfi- 
eulty. The site of the previous anastomosis was patent. The pathologic report was 
ucute appendicitis with acute mesenteric adenitis. 

Again the postoperative course was somewhat stormy with episodes of vomiting 
and distention. Transfusions and intravenous fluids were given as supportive treat- 
ment. Meeholyl and prostigmine were started on the ninth day. The following day 
he was given a largo dose of prostigmine by error and shortly after this there was 
an emesis of 700 to S00 c.c. and a large stool of over S00 e.c. both formed and 
''quid. Subsequently his appetite returned, he gained weight, and had spontaneous 
daily stools. Report from his mother in February, 1943, stated that he was gaining 
"eight, had a good appetite, and was having normal daily bowel movements. 
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DISCUSSION 

It is our plan now, in these early cases, to attempt to control the 
bowel habit by diet, vitamin B, meeholyl, or syntvapan and colonic 
flushes if necessary ; and if this is not adequate, to give a spinal 
anesthetic in the fluoroscopic room so as to watch the response of the 
colon. If there is no response from the anesthetic and the medical 
regime is inadequate, then the involved segments should be resected in 
two stages. 

While meeholyl is a useful drug it is toxic and the dosage must be 
watched very carefully. We feel it might be well to have these pa- 
tients continue on small doses in order to increase the bowel tone after 
discharge from the hospital. 


SUMMARY 

This is a report of six eases of Hirschsprung’s disease in patients 
between the ages of 3 14 and 12 years, who had resection of the involved 
segments, without a death. This is partially luck but the close cooopera- 
tion between the two departments is most important. 

The results have been satisfactory in five. The patient in Case 2, who 
required a total colectomy, has not done so well. 

In our hands sympathectomy or medical treatment alone or together 
has not been satisfactory. 
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POSTCHOLECYSTECTOMY RUPTURE OP THE COMMON 

BILE DUCT 


Alexander Bruxschwig, M.D. 

Chicago, III. 

( Ftom the Department of Surge) y of the TJnuusity of Chicago) 

A REVIEW of the literature indicates that rapture of the common 
^ ‘ bile duet following cholecystectom}” has been rarely described. In 
1S35, Newburger collected nine such cases proved at operation or 
necropsy and reported one of his own. All patients were women, their 
ages varying from 25 to 59 years. All had undergone cholecwsteetomy 
and choledochostomy except one, who had had only cholecystectomy. 
The point of rupture was the tied cystic duet stump in five instances, 
the point of drainage of the common duct in three instances, and else- 
where in the common duct in two instances. Stones were present in the 
common duet in seven eases, and were absent in the remaining three in- 
stances. The time of rupture following cholecystectomy varied widely, 
the shortest period being twelve days, the longest three and one-half 
years. In one case (Wolfson and Levine), a cholecystectomy had been 
performed twenty-five years previous to choledochostomy. Fifty-five 
days after the latter operation there was rupture of the common duct 
and bile peritonitis. This patient recovered following T-tube drainage 
of the common duct and had common duct stones removed a few montlis 
later. In all of the other patients referred to above death followed 
drainage of the extra-hepatic biliary tract instituted for the rupture. 

Perforation, not the result of pressure from stone, of a diverticulum 
of the eholedochus just below the cystic duct was described by Verns- 
dorfer in a man aged 40 years. Small stones were evacuated and the 
eholedochus drained with a T tube; recovery ensued. 

Recently Newell reported the instance of bile accumulation in the 
abdomen where at laparotomy no gross perforation of the extrahepatie 
biliary ducts or of the gall bladder was demonstrable, although the wall 
of the eholedochus was edematous and infiltrated with bile-stained fluid, 
suggesting an extravasation from a minute or even healed perforation. 
This author cites Bailey’s patient in whom the perforation was discov- 
ered only at necropsy and found to be on the posterior aspect of the 
junction of cystic and common ducts. Vale’s case is also cited, in which 
there was extravasation of bile in the peritoneal cavity without gross 
evidence of perforation. Recovery followed drainage. 

j Ppcisented at the meeting’ of the Society of Vni\ei>lty Surgeon*', Chicago, III., Feb. 
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In Reich’s patient, a man aged 73 years, laparotomy revealed an ex- 
tensive accumulation of bile-stained fluid in the peritoneal cavity and 
there was a perforation in the common hepatic duet. No concretions 
were present. Death ensued a few hours after laparotomy and necropsy 
revealed cirrhosis of the liver. The large extrahepatic bile duets were 
not markedly diseased and the gall bladder was small and contracted. 

Iwo additional instances of perforation of the common bile duct are 
cited below. 


Case 1.— M. C. (No. 2S4550), a woman aged G7 years, was admitted to Billings 
Hospital May 7, 19-42, complaining of severe attacks of cholecystitis in January, 
1941, with marked jaundice. In another institution, a cholecystostomy was per- 
formed in February, 1941, with evacuation of many concretions from the gall blad- 
der and common duct. Following recurrence of another severe attack, a cholecyst- 
ectomy was performed in April, 1941, and according to the history obtained a 
concretion was also removed from a diverticulum (?) of the common duct above 
the head of the pancreas. Since the second operation, the patient’s condition was 
good until three days prior to the present admission, when a severe epigastric pain 
developed that radiated to the interseapular region. The next day icterus was 
apparent and the severe pain with nausea and vomiting persisted. The patient was 
brought to the hospital in an ambulance and appeared acutely ill. Temperature 
was 101° F. (rectal); W.B.G., 18,050; Icteric index, 19.5; N.P.N., 111 mg. per 
cent; pulse, 72; B.P., 100/70. General abdominal tenderness was noted with no 
rigidity or palpable masses; some distension was present. Parenteral glucose and 
saline solutions were administered and the next day the patient felt slightly im- 
proved. During the next four days the temperature rose gradually to 103° F. 
(rectal). The physical findings did not change appreciably during this period 
except for increased intensity of the icterus which then appeared to clear, the 
icteric index reaching 35 and then falling to 14 on the sixth day; the 1V.B.C. rose 
to 31,000. At 4:00 A.ir. the morning of the seventh day, the patient suddenly 
expired. Necropsy revealed generalized acute bile peritonitis secondary to a small 
perforation 1 mm. in diameter in the common bile duct which was situated 3.5 cm. 
below the cystic duct stump. The common bile duct was markedly distended and 
at a little distance below the perforation contained a single faceted cholesterol stone 
1.4 cm. in diameter. At the level of the stone the common duct wall was thicker 
than elsewhere. The diverticulum of the common duct said to have been observed 
at the last operation was not found. 


GaSE 2. M. S., a woman aged 72 years was admitted to Billings Hospital Dec. 

1942. Since 1939, there had been attacks of right upper quadrant pain radiating 
to'the back and shoulders, with nausea, vomiting, and transitory icterus. Cholecyst- 
ectomy was done in 1941, and following this there was freedom from attacks. 
Three days prior to the present admission severe pain developed in the right upper 
d nt and radiated to the left shoulder. Nausea and vomiting were frequent 
tlU i ^ t developed. On physical examination there was diffuse abdominal tender- 
and ic e ™ s spasm in the right upper quadrant. Temperature was 102.S° F. 

ness with n ^ Icteric index> 47 . B .P., 130 /70; pulse, 120. During the 
(rectal) , • • ■> ’ „ enera l asthenic condition of the patient improved slightly, 

next three a > s Permitted by mouth and a total of 3000 c.c. of dextrose and 
nothing having ® en P daily parenterally. At the end of this period the ab- 
saline solution being B localized to the upper right quadrant where a deep 

dominal rigidity was sia P /fluctuation). The remainder of the abdomen nas 
abscess seemed to have formed (fl 
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flaccid and only slightly tender. Laparotomy was performed by excision of the 
old upper right rectus incision scar, and the deeper layers of the abdominal wall 
were observed to be edematous and bile stained. When the peritoneum was incised 
dark green, thick purulent fluid escaped from a cavity lined by fibrinous exudate. 
This cavity was observed to be a large pocket below the right lobe of the liver 
anterior to the porta hepatis. When all purulent material had been cleaned out, 
the common duct, about 2 cm. in diameter, was observed at the bottom of the 
pocket, and at a point about 2 cm. above the upper margin of the duodenal curva- 
ture there was an oval perforation about 1.5 cm. in diameter. The index finger 
was inserted into the common duct in both directions and distally behind the 
duodenum an oval concretion about 1.5 cm. in diameter was palpated. This was 
lifted out through the perforation in the common duct. Probing in both directions 



,*>■ L— ; Showing findings at laparotomy in Case 2. Large pocket exposed through 
fnp.?»? n o£ abdominal wall was filled with bile and purulent exudate; large uval per- 
wh’it ?. n wn , 8 Present in common duct. Concretion in lower common duct was some- 
uboY in position shown. Finding's suggest rupture due to hydrostatic press ui e 

concretion. Recovery followed stormy convalescence. 


failed to bring tip other stones. A probe was passed into the duodenum via. the 
common duct and ampulla without encountering obstruction. A catheter wad in* 
‘I'tted into the perforation and the latter closed bv interrupted sutures about it. 
There Was no visible evidence of cystic duct stump. Penrose drains were inserted into 
t!l ° depths of the large pocket and the abdominal wound closed. Final diagnosis: 
bueuVircd upper abdominal bile peritonitis secondary to ruptured common duct. 
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choledoeholithmsis. After a convalescence characterized by periods of marked as- 
thenia and mental disorientation, the patient’s icterus had cleared by the thirty 
seventh postoperative day and stools contained bile. The small biliary fistula healed. 
The general condition improved markedly, and the patient was discharged from 
the hospital. Three months after the operation, the patient was well. 


iUSCUSSIOX 


The cause of rupture o £ the common, duct has been variously stated 
as due to one or a combination of factors which include: (a) increased 
intraluminal pressure from obstruction below the point of rupture, (b) 
necrosis of a portion of the common duet wall secondary to thrombosis 
of mural vessels, (c) necrosis of Die duct wall secondary to pressure 
from impacted stone, (d) infection, (e) slough of the cystic duet stump, 
(f) rupture of a weak segment of duct wall, such a vulnerable point 
resulting from common duet drainage. Where extensive changes in the 
extruhepatie biliary duet walls are not present, and in the absence of 
stones, the pathogenesis of rupture is obscure. Needless to emphasize 
again, postcholecystectomy rupture of the common duct is another of 
the unfortunate sequelae of overlooked common or hepatic duet stones 
at the time of cholecystectomy. It is of interest to note that in both 
of the cases reported above the perforations in the common duct were 
above a large stone, and that judged from necropsy and findings at 
operation these perforations could hardly be ascribed to direct pressure 
necrosis from the concretions. 

The syndrome of upper abdominal pain, becoming quite severe, upper 
and later general abdominal tenderness and rigidity, elevation in tem- 
perature, marked leueoeytosis, rapid pulse, varying degrees of general 
collapse and icterus (after a few days) in a patient who previously 
has undergone cholecystectomy for cholelithiasis and cholecystitis should 
strongly suggest perforation of the common bile duet with extravasa- 
tion of bile and bile peritonitis. 


Differential diagnosis from biliary colic due only to common duct 
stone or stone in the ampulla should not be difficult since in the latter 
event the clinical evidence of peritonitis will not be present, and 
general collapse will not have developed. Differential diagnosis from 
carcinoma of the ampulla or head of the pancreas will he readily 
apparent also, because of the absence of evidence of peritonitis. Severe 
diffuse cholangeitis of sudden onset might afford some early difficulty in 
differentiation, but as the hours pass, lack of evidence of peritonitis 
will preclude the diagnosis of ruptured common duct. 

The almost certain fatal outcome of this condition if laparotomy is 
. „ 01 .f nv med justifies laparotomy at the earliest moment when the 
1 moears probable. Evacuation of the extravasated bile, drain- 
abdomen, and drainage of the common duct »ill 
age ot tile PU . - t f or survival. While in the recorded ex- 

aff0f tee' the” mortality following this procedure under these eireum- 
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stances has been very high, it would, nevertheless, appear to be pri- 
marily the mortality of the disease. A more general appreciation of 
this iate complication of cholecystectomy for biliary lithiasis might 
entail earlier operation with possibly a greater incidence of survival. 
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MANAGEMENT OF THE APPENDICAL STUMP 

Joux V. Goode, M.D., a .yd Louis A. Kregel, M.D., Dallas, Texas 

'"TTIBRE are four reasons why this stud y was undertaken: (1) In 
^ spite of the fact that fifty-nine years have passed since Kvonlein 1 in 
183-1, performed llie first appendectomy, there is still no generally ac- 
cepted technique for tiie management of the appendical stump. (2) 
Severe complications due to massive leaking of abscess of fecal material 
at the stump area are still being reported in the surgical literature and 
it is quite likely that this catastrophe occurs much more often than is 
indicated by these reports. (3) The occasional stormy postoperative 
course of an interval or incidental appendectomy and the occasional 
finding of many unexpected adhesions in the right lower quadrant when 
the abdomen is reopened, may well he due to slight unrecognized leak- 
ing of the stump area after the previous appendectomy. (4) Probably 
the real reason for the study lies in the fact that the authors, after 
trying most of the accepted methods of handling the appendical stump, 
were never completely satisfied with any method which they tried. 

Eleven years after the first appendectomy, Dan-barn, 5 in 1S95, men- 
tioned eleven different methods of treating the appendical stump and 
then described a new method of his own. It is interesting to co 22 sider 
some of the methods that Dawharn mentioned. They include amputa- 
tion of the appendix Hush with the cecum a 22 d closure of the hole by one 
or two rows of Lembert sutures; ligation and cauterization of the stump 
with the cauterization being performed either before or after ligation; 
ligation, cauterization, a 22 tl inversion of the stump by Lembert sutures ; 
cauterization of an unligaled stump with inversion beneath two rows 
of Lembert sutures; inversion of a tied, cauterized, half-inch long stump 
concealing the suture line under omental or mesenteric peritoneum; 
inverting the entire unopened appendix into the cecum; amputation be- 
tween clamps leaving the clamp on the stump for a day or two; and 
finally, doing nothing to the appendix if its removal seemed likely to 
spread infection. 

The plan advocated by Daw barn called for a purse-string suture one- 

fourth of an inch from the appendix, the appendix divided leaving a 

stump never shorter than one-half an inch, the lumen of the appendix 

1 stretched by the introduction of a pair of closed mouse-tooth 

l* through the appendix into the lumen of the cecum “then gently 

,, blades— thereby any stricture, from swelling or plastic 

opening otvrtehcd ” Lastly, the untied stump of the appendix 

deposit, will be snemutu 

— — eetin" o( thv Society ot University Surgeons, Chicago, II!., Feb. 
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was to be invaginatecl into the cecum as the purse-string suture was 
tightened and tied. 

By 1904, Seelig 3 was able to state that “in general the methods of 
treating the stump of the appendix may be grouped under three heads, 
as follows (Fig. 1, I, II, and III) . 

“(a) Ligation of the base of the appendix, ablation of the organ 
distally to the ligatures, and inversion of the stump by means of Lembert 
sutures passed through the peritoneum of the cecum. In these cases the 
appendical stump is inverted into the wall of the cecum. 

“(b) Ablation of the organ without previous ligature of its base, and 
inversion of the stump into the lumen of the cecum; Lembert sutures 
over the site of inversion. 

“(c) Simple ligation, ablation of the organ distally to the ligature, 
and cauterization of the stump. The disinfected stump is dropped 
back into the peritoneal cavity. ’ ’ 

In 1937, Oehsner and Lilly 4 reviewed the question from the standpoint 
of the same three basic methods: (1) simple ligation of stump; (2) 
ligation and inversion of the strnnp into the ceeal wall; and (3) inver- 
sion of the unligated stump into the lumen of the cecum. Their experi- 
ence with three instances of stump leakage following the first two 
methods led them to consider inversion of the unligated stump the 
method of choice. 

There are two objections to the simple “tie and drop” method of 
handling the appendical stump. The objection most often mentioned 
is the absence of serosa-to-serosa apposition when the appendix is ligated 
with or without preliminary crushing. If the tight tie or crushing severs 
the mucosa and the pulpy lymphoid tissue, the tie then brings sub- 
mucosa to submucosa and not serosa to serosa. While this is important, 
it is not as important as the other objection to this simple ligation tech- 
nique. This second objection lies in the fact that the stump of the 
appendix not only sloughs distal to the tie but also sloughs at the point 
°t the tie. In fact no healing takes place until this slough is removed. 
If a dog’s abdomen is opened four or five days after its appendix has 
been tied with 0 chromic catgut and the earbolized stump dropped back 
mto the abdominal cavity, the operator will see a mass of fibrinous 
adhesions joining ileum or omentum to the stump area. If these are 
carefully separated, either an opening into the cecum will be found or 
die site of the appendical stump will be closed by a verv thin layer that 
bioks like a spider web. If, on the fourth or fifth postoperative day, 
die adhesions about the stump are not separated but the cecum is 
squeezed gently, fecal material can be seen escaping from the insecurely 
healed stump. This finding was noted in the five animals treated by 
die simple “tie and drop" method. It seems that from the moment the 
appendix is tied a race is started between the protective adhesions which 
Lnd to cover and seal off the necrosing stump and the anemic necrosis 
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at the point of the tie which tends to slough into the lumen of the 
ceeum. It may be that the mucosa, severed by the tie or crushing, grows 
over the opening in the cecal wall and saves the day, but the cecal wall 
cannot start healing until it first sloughs through. This means that for 
a few days there is a distinctly' weak area in the cecal wall. In the 
^experimental animals examined three weeks after operation only a few 
adhesions were evident but the cecal wall showed no evidence of weakness. 
That the race is usually won by the defense mechanisms is attested to 
by the fact that so many appendectomies are successfully handled by this 
technique. However, there is little doubt but that there is a period of 
great danger at some point probably about the third or fourth day, 
when the appendical stump is partly sloughed away and when the 
defenses are still fibrinous. Marked distention, straining, or a “high” 
enema during this period could well cause the filmy covering of the 
stump to give way, allowing either a small or possibly a large cecal leak. 
This series of events might explain the occasional unexpected thicket 
of adhesions about the cecum and ileum in a case that had had an inci- 
dental appendectomy or interval appendectomy but a stormy postopera- 
tive course. 

The inversion of the unligated stump method produces the highly de- 
sirable serosa-to-serosa apposition of the stump which is turned into the 
cecum. It also produces no pocket in the cecal wall as the end of the 
stump is pushed into the lumen of the ceeum. Four dogs were operated 
upon by this technique. On the fourth or fifth day, reoperation showed 
the best healing of any of the experiments with little or no adhesions 
on the outside and but slight sloughing evident on the inside. If this 
inversion could be made safely there would be no question about this 
being the method of choice. The difficulty lies in the anatomic fact 
that the wall of the appendix is so thick in comparison with the small 
diameter of its lumen. This state of affairs makes complete inversion 
of the untied appendical stump into the cecum difficult and at times 
impossible. It should be remembered that Dawbarn, the originator of 
this technique, advised stretching the lumen of the appendix with a 
forceps introduced through the stump into the cecum before attempting 
inversion of the stump. Many ingenious methods 4 " of inverting the 
untied appendical stump into the cecal lumen have been described but 
they have two objectionable features. One is the possibility that the 
unligated stump is not inverted, but merely pushed down into the 
cecal wall, and the other, the danger of soiling the field as the unligated 
stump is forced in on itself into the lumen of the ceeum. If an assistant 
squeezes the ceeum too tightly, if a narrow forceps or clamp does not 
completely close the end of the stump as it is being inverted, or if the 
Purse-string suture should break before the stump was completely 
turned in on itself, soiling is possible. The question of hemorrhage from 
the unligated appendical artery has often been mentioned as a danger 
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0 t!l ' ls technique. Tliis danger seems more flieoretical than real. It 
is recognized that a trained operating team can invert the mitigated 
appendix stump with no soiling, but the technique can become difficult 
and if the members of the team are unfamiliar with the dangers of the 
technique, soiling is possible. For this reason inversion of the mitigated 

stump of Die appendix does not seem to be the safest method of handlin'* 
this problem. ° ■ 

Inversion of the tied appendical stump avoids the danger of soiling 
during inversion but carries with it the objectionable feature of pro- 
ducing - a pocket in the cecal wall, a pocket that contains the necrotic 
appendical stump caught between the catgut tie below and the 
silk or cotton pure string above. Using eight dogs, appendectomy was 
done by this technique; Die tie was of 00 chromic catgut and the purse 
string of quilting eotton. Keoperation on the fourth or fifth day re- 
vealed adhesions about the stump area that were more abundant than 
those found after inversion of the mitigated stump technique but much 
less than was found after the simple ligation experiments. In no in- 
stance could fecal material be squeezed out of the imperfectly healed 
stump area. Four animals were reoperated upon on the twentieth 
postoperative day. The only noteworthy finding at that time was the 
reduction in size of the inverted stump when viewed from within Die 
cecum. The stump had probably sloughed off and drained into Die 
cecum because all that was left was a small nubbin 7 mm. in diameter 
and projecting into the lumen about 1 or 2 mm. Microscopic examina- 
tion of the stump areas removed on the fourth postoperative day showed 
necrotic tissue and abscess formation in every instance but there was 
little spread of the inflammatory reaction into the cecal wall that formed 


the sides of the pocket. This tends to discredit the objection to a purse- 
string suture on the grounds that it devitalizes the cecal wall and makes 
the wmll subject to invasion of infecting agents. The observation that 
the intact serosa checks the spread of inflammation into the cecal wall 
further suggests that the serosa of the appendical stump and cecal wall 


should be left intact and not crushed nor incised and crushed before 
ligation, if the stump is to be inverted. Some slides showed the pocket 
abscess extending dangerously close to the cotton purse-string suture. 
It seemed that a second purse string which would turn in a little more 
serosa would add materially to the safety of the procedure. 

It was evident that here again a race was in progress. A race between 
the holding properties of the purse string above and the catgut tie be low, 
itli the pace determined by the enlarging abscess between the two, since 
T very evident from these specimens and sections that the size of the 
1 WaS , , determines the size of the resulting abscess. It follows, 

mver e reduction in the size of the inverted stump would 

therefore, <■ ^ ceca i pocket abscess. The smaller abscess should 

reduce the size anc j by slowing the race, favor tiie cotton 

slow the tempo of tuc re 
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purse string which can stand time better than can the catgut tie. If an 
operator tries to achieve this end by cutting closer and closer to a catgut 
tie, the tie is likely to be pulled off during the subsequent earholization 
of the stump. If, however, instead of a tie, a purse-string suture of cat- 
gut is placed at the very base of the appendix and tied tightly, the 
appendix can be cut off flush with this suture (Pig. 1, TV). This re- 
duces to a minimum the amount of tissue turned into the cecal wall and 
thus should tend to reduce the size of the cecal wall abscess. 

Experiments were carried out on eight dogs employing this double 
purse string rather than the catgut tie and cotton purse string tech- 
nique (Pig. 1 , IV). On the fourth or fifth day, reoperation revealed 
little or no reaction about the site of inversion. It looked about the same 
as the stump area following the inversion of an unligated stump. This 
means there was less reaction than was found after the ligation and in- 
version technique and, of course, much less reaction than found after 
the “tie and drop” technique. In four instances, sections made through 
the cecal pocket area found following the inversion of the small stump 
showed a subacute inflammatory reaction rather than an abscess (Pig. 
2). In some sections the reaction was certainly not enough to be called 
an abscess since it showed only granulation tissue. Four animals were 
reoperated upon on the twentieth postoperative day. The outer surface 
of the cecum showed very few adhesions and the inner surface showed 
only a tiny elevated area 4 mm. in diameter. 

This technique is applied to the human appendix in the following 
manner. A Kelly clamp is applied to the distal end of the meso- 
appendix, the peritoneum of the lateral side of the meso-appendix is in- 
cised if the meso-appendix is thick, or if the appendix is angulated in 
its mid-portion. This allows the entire appendix to be delivered from 
the depths of the wound and also allows the operator to see and doubly 
clamp only the vessels of the meso-appendix. After the vessels are 
divided the clamps on the mesoappendix are replaced by silk or cotton 
ties and usually a suture is tied about a small artery found in the angle 
between the appendix and the part of the cecal wall covered by the 
meso-appendix. Division of this artery mobilizes the cecum in the region 
°f the base of the appendix and also i educes the likelihood of hematoma 
formation during the placing of the various purse-string sutures. The 
first purse string is placed exactly at the base of the appendix and is 
of 00 plain or 00 chromic catgut on a straight intestinal needle. If the 
base of the appendix is deep in the wound due to a fixed cecum, this 
Purse string can best he placed with very fine curved French or split- 
eye needle. The bites of the catgut purse string should be as small as 
possible and should include only the serosa and part oi the museularis 
°f the appendix. Usually only four or five bite-, need be taken in 
Placing this purse string. As soon as the purse string is placed it is 
tied tightly and the ends of the suture cut. The usual purse string of 
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cotton or medium silk is next plaeed in the cecal wall about the base of 
the appendix. It is desirable, however, to place this puise string closer 
to the base of the appendix than would be possible if a laige stump 
were to be inverted. An Ochsnei clamp is then plaeed immediately 



i * «,« tied catgut purse-string suture After it has crushed the 
listal to the tie £ sQ it is iemove d and a small straight clamp 

ippendix for a m0 t of t he giooie left by the heavy Ochsnei 

is applied to the ^ then amput ated as close to the catgut pmse- 

elamp and d 16 a PP en ... m^is method of amputating the appendix 
string suture as possible 
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prevents soiling as the amputation is carried out through the dry 
crushed groove left by the Ochsner clamp; it also results in a minimal 
amount of appendical stump left to be turned in. After the small flat 
stump has been treated with phenol and alcohol, it is easily inverted by 
the cotton purse-string suture in the cecal wall. The procedure is com- 
pleted by the insertion of either a mattress suture or a small three or 
four bite purse-string suture of cotton that picks up only a seromuscular 
bite and tends to turn in a little more peritoneum at the critical point 
of stump inversion. 

An objection might be raised to the many stitches taken in the cecum 
by this triple purse-string method of handling the appendical stump. 
However, the stitches of the catgut purse string are quite safe because 
they are placed in the serosa and muscularis of the relatively thick- 
walled appendix. The outermost sutiu-e is safe because it also engages 
only the serosa and muscularis. The middle cotton or silk purse string 
which engages a few fibers of the subnmeosa is a dangerous suture if it is 
placed with a large needle and especially if this needle is a curved needle 
held in a needle holder. If, however, a fine straight needle such as a 
No. 8 Warwick Castle Milliner’s needle and quilting cotton or medium 
silk thread is used, it is possible to place this middle purse-string suture 
safely. This view is supported by the faet that when the needle and 
what was left of the cotton thread after the purse string had been tied 
were cultured in fifteen instances and there were no positive cultures. 


CONCLUSIONS 

The fate of the appendical stump has been studied in the dog. Ap- 
parently, the size of the tied inverted stump determines the size of the 
resulting cecal pocket abscess which is the chief objection to the inversion 
of a tied appendical stump. The substitution of a catgut purse string 
for the usual catgut tie about the base of the appendix allows amputa- 
tion of the appendix flush with this catgut purse-string suture, thus 
reducing to a minimum the amount of appendical stump to be inverted. 
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The clinical material that has been available to us. while varied, has 
also been in many respects quite limited. We have seen a number of 
eases of skeletal trauma, especially multiple fractures, several head in- 
juries, burns, hemorrhages, and abdominal injuries. On the other hand, 
chest injuries have been few and we have had but one ease of gunshot 
wound, no stab wounds, or wounds with extensive loss of musele sub- 
stance. Also, most eases were seen soon after injury so that the effects 
of exposure, dehydration, etc. were rarely encountered. The age dis- 
tribution was wide; while many patients were in the older age groups, 
a number were young and had been in excellent physical condition be- 
fore injury. Acute alcoholism was a complicating factor in several in- 
stances. 

In the presentation of data, consideration will be given both to com- 
bined or average results in various types of injury, and to particular 
results in special individual cases. Average values show trends and 
thus define the general pattern of the condition that is under study. 
The exceptional ease is often blotted out in the average. We believe 
that our techniques are both sufficiently comprehensive and sufficiently 
reliable so that the data of the single case study are significant. In- 
dividual responses to injury, though they may be exceptional within 
small groups of cases such as have been available to us in the present 
investigation, may be of great importance from the point of view of the 
mechanism of shock. 

For example, it is important to know that, in a group of cases, there 
is a large decrease in the average figure for circulating blood volume. 
It is of equal importance to know whether, in specific instances, the 
state of shock can - develop without extensive loss of blood volume. 

The present paper will include the following: 

1. Description of procedure and of the various methods of measure- 
ment employed, with critical comments concerning some of these 
methods. 

-■ Description of the state of circulation in various types of injury, 
both with and without shock, on the basis of average results in thirty- 
six cases. 

■1. Changes in the circulation occurring during recovery from shock, 
on the basis of average figures in six cases. 

1. The state of the renal circulation in relation to shock. 

In subsequent papers, a number of individual cases will be described, 
illustrating not only particular states of shock, but also various forms 
of progressive change occurring during the periods ot observation, the 
hitter lasting sometimes a few hours, sometimes several days. Data 
"’ill also be presented showing the changes in blood volume produced 
by administration of iluids. blood, plasma, and saline; serum electro- 
lytes in certain cases of shock ; types of arterial and ot right ventricular 
pressure curves obtained by an optical registration method: additional 
observations on renal clearances; and the effects ot certain drugs. 
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TJie research lias been in many respects a cooperative effoit Much 
of the original plan of the work was due to Lt. Col. Prank B. Deny, 
at that time director of .surgery on the Tuberculosis Service ot Belleuie 
Hospital. Col. Berry was also of great assistance, subsequently, in put- 
ting the plan into effect. 

The investigation was made practicable through the action of the 
Bellevue Hospital Medical Boaid, making available all ot the admission 
facilities of the Hospital. 

In carrying out the research work itself, three groups of investigatois 
have collaborated; one group under Bichmds and Command of the 
department of medicine. College of Physicians and Surgeons, responsi- 
ble for general hemodynamics and respiratory studies; a group under 
Gregersen of the department of physiology, College of Phj sicians and 
Surgeons, responsible for blood volume studies , and a group under Dr 
Smith, of the department of physiology, New York University College 
of Medicine, responsible for arterial pressure recording, and for studies 
of renal function. 

PROCEDURE 

Bach patient was seen as soon as possible after admission by a mem- 
ber of the research group, and a consultation held with the smgeon m 
charge An evaluation of the clinical signs and symptoms was made, 
and if the ease was eonsideied suitable, the investigative studies weie 
then started immediately An attempt was made to obtain the first 
series of measurements before any treatment had been instituted 
The patient was weighed by suspending him from a hanging scale 
by means of ropes attached to the four eorneis of a canvas stretcher. 
His height was determined with a measuring tape To facilitate fluoi. os- 
copy, he was placed on a special fracture bed of which the mattress 
and springs were replaced by tightly drawn canvas straps Catheteriza- 
tion of the right auricle of the heart, under fluoroscopic contiol, was 
then performed; the catheter’s position was further established by 
anteroposterior and lateral x-rays While this was being done, a 19 
gauge Ungar needle, with tight-fitting obturator, ! was introduced into 
a femoral artery and another into a penpheial veiu, and left m place 
throughout the senes of measm ements. Botli auricular catheter and 
venous needle were kept patent by a slow continuous flow of saline solu- 
tion. The determination of blood volume was begun Simultaneous 
readings of auricular pressure and peripheral venous pressure weie 
taken, "and intra-arterial pulse tracings were recorded optically from 
the femoral artery, by Hamilton's method. Samples of blood and c\- 
‘ -ed air for cardiac output determination by the direct Pick method, 

PU followed by another aiterial piessure bating and (m 

*“3; a ballistoeai iltograpbie wmg F„u,„y, e ta,«ular 
filtration and plasma flow through the kidneys were studied by clear- 
ance techniques. 

— , , „ rnV |,ied through the courtosj of Becton. Dickinson uml Co 

•Specially toUW.ed and provme 


Clinical signs and symptoms and any changes in the patient’s condi- 
tion were noted in the protocol. All medication and fluids were also 
noted, and the amount of blood withdrawn was recorded, and that 
otherwise lost was estimated when possible. Roentgenograms were 
taken to record the position of the catheter in the heart. 

The whole series of studies was repeated at intervals before and after 
therapy when this could be done without interfering with the clinical 
management of the ease. 


METHODS 


Plasma Volume , Serum Protein, and Hematocrit . — Determinations of 
the plasma volume were made with the T-1824 method (Gregersen and 
co-workers 1 ). Depending upon the weight of the patient, 4 or 5 e.e. of 
0.4 per cent dye were injected into the peripheral venous needle with 
a calibrated 5 c.e. syringe. If repeated withdrawal of venous blood 
for the purpose of rinsing the syringe became difficult, rinsing was done 
with saline solution from a reservoir connected to the needle with a 
watertight three-way stopcock. The dye-free control sample and sub- 
sequent dye-tinged samples (collected at 5-minute intervals during the 
first half hour, and then at 10-minute intervals) were drawn from the 
arterial needle. The blood was placed in oiled tubes and the concentra- 
tion of dye (expressed as optical density) in each serum sample was 
determined with a Ivoenig-Martens visual spectrophotometer .(Greger- 
sen J ). The plasma volume was calculated from the equation .- 


Plasma volume in c.e. 


c.e. dye injected x 250 x K 
Co 


hi which K is the optical density of the dye solution diluted 1 :250 in 
serum, and C 0 is the initial dye concentration (expressed as optical 
density) derived by extrapolation of the dye curve on a semilog plot 
(Gregersen and Rawson, in press). As described elsewhere, the effects 
of fluid shifts on the dye curve were always considered in the final 
analysis of the data (Gregersen and Noble, to be published). 

The scrum protein values reported in the tables of results were de- 
termined with the falling drop method (Barbour and Hamilton 3 ), the 
formula of Weeeh, Reeves, and Goettseh 1 being used for conversion of 
•serum specific gravity to serum protein content. Hematocrit values 
were obtained on arterial samples using 1 c.e. Wintrobe tubes and 
crystalline heparin as anticoagulant, after 40 minutes’ centrifugation 
at 2,500 r.p.m. 

Tile total blood volume was calculated from the plasma volume and 
the arterial hematocrit according to the formula: 


Total blood volume in c.e. 


plasma volume in c.e. 


■ 100 


100 - hematocrit G 
flic value so obtained is higher than the true blood volume because 
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the per cent cells obtained by centrifugation includes a small amount 
ot plasma trapped in the cell mass .(Gregersen and Seiiiro) and because 
t it pei cent eiytlnoeytcs in the blood from large vessels is higher than 
the body hematocrit. 5 - 8 Nevertheless, Hie calculation is appropriate for 
the present purpose since we are comparing the results with average 
normal values derived in the same manner. Discussion of this question 
uiil be found in a separate paper which deals with the mixing time 
and disappearance rate of T-1824 in human cases of shock, and with the 
evidence that this dye measures the plasma volume in shock. It may 
be stated here, however, that evidence of increased capillary leakage 
was not found in cases of shock from skeletal trauma or hemorrhage. 
Hie dye disappearance rates v r ere approximately the same during shock 
as after recovery. 

Catheterization of the Right Heart. Auricular and Venous Pres- 
sures . — The catheterization of the right auricle was carried out by cut- 
ting - down on a median basilic vein of either right or left arm, and run- 
ning in a No. 8 or No. 9 ureteral catheter, f according to the technique 
of Command and associates. 0 Continued experience with this procedure 
has proved its safety, no unfavorable complications having arisen in 
over 150 catheterizations, beyond occasional linear mural thrombosis 
near the site of the incision. The catheter has been left in place con- 
tinuously for as long as twenty-four hours. It was frequently most use- 
ful as a means of administering blood or other fluids. 

Auricular pressure readings were taken by the use of a saline ma- 
nometer, 10 and peripheral venous pressures recorded in the same man- 
ner, on u second manometer. The levels of venous and auricular pres- 
sures were recorded, using’ as the zero point the position of the tip of 
the catheter in the right auricle (established by lateral x-ray). 10 

The average vertical distance in thirty cases, from the angle of Louis 
on the external surface of the chest fo the tip of the catheter in the 
right auricle, was 66 nun., S.D. + 13. 

The true criterion of adequacy of return of venous blood to the right 
heart is the “effective pressure” in the right auricle; that is, the mean 
i-bdit auricular pressure relative to the atmospheric pressure, plus the 
amount of the mean negative intrathoraeie pressure as it exists in the 
region of the right auricle. There are two respects in which the auricn- 
lar pressure, as measured by our technique, deviates from this ideal 


' 0ue hydrostatic element that may be somewhat variable is the depth 
of the chamber constituting the right auricle. The catheter, according 
. evidence, lies almost always along the dorsal wall of the auricle. 
y '' U \ .„ ht onriele would give a somewhat higher level of pressure, 
t recorded on the manometer, than a shallow one. It L> possible that 
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a po'or venous return might result in some flattening of the antero- 
posterior diameter of the auricle, with the patient lying supine. As a 
source of error of mean auricular pressure, however, this factor is 
probably not large. 

More important is the pleural pressure. Abnormal breathing may 
produce changes in either direction. With hyperventilation, however, 
the pleural pressure usually becomes more negative, especially if the 
breathing is asthmatic or stertorous. This means that the effective 
pressure at the right auricle will be larger, for the same (atmospheric) 
level of the right auricular pressure. A further source of error is that 
with this type of breathing, the auricular pressure as recorded is usually 
nearer the inspiratory level, since saline solution is sucked out of the 
long catheter more readily than blood is forced back in. 10 If the breath- 
ing is unimpeded, however, and relatively quiet, it is probable that 
auricular pressure levels can be compared with normal values, and that 
changes occurring in the clinical course of the individual case will 
represent corresponding changes in effective venous return. 

Arterial Blood Pressure . — Arterial pressure was measured in the 
femoral artery by a Hamilton optical manometer, 11 mean pressure being 
determined by planimetrie integration of the area under the pressure 
pulse curve. 

Cardiac Output bp the “Direct Fide ” Method . — The direct Pick de- 
termination 0 of cardiac output requires simultaneous sampling of mixed 
venous blood, arterial blood, and expired air. 

After flushing out the saline solution in the catheter by withdrawing 
5 to 10 e.e. of blood back through it, a 15 c.e. sample of mixed venous 
blood was then taken under 5 e.e. of oil in a syringe. Air con anima- 
tion was excluded by a tight rubber adapter and a Luer-lock con- 
nection. Arterial blood w r as similarly collected in an oil syringe at- 
tached directly to the indwelling arterial needle. Both samples v ere 
immediately transferred to iced blood bottles containing 10 e.e. of oil, 
previously boiled to remove the air, and crystals of anticoagulant ,(0.6 
mg. sodium fluoride and 4.5 mg. neutral potassium oxalate dried in 
autoclave). They were stirred slowly to prevent settling of red blood 
cells, taken directly to the laboratory, and analyzed immediateh toi 
oxygen and carbon dioxide. 

Expired air was collected and measured in a Tissot spirometer or 
Douglas bag. A rubber mouthpiece and nosed ip were usual h found 
satisfactory, but it was frequently found necessary to hold the patient s 
bps tightly around the mouthpiece. Occasionally in an unconscious 
patient who required a metal pharyngeal airway, an anesthesia mask 
was used and care taken to avoid leaks. The spirometer or Douglas 
bag had been flushed out with expired air a few minutes before the 
expired air sample was taken for analysis. 

Expired air was collected over an accurately measured interval, from 
b to 2 minutes. Fifteen seconds after the start of the expized aiz col- 
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' C pci ' cent uells obtained by centrifugation includes a small amount 
ot Plasma trapped in the cell mass ,( Gregersen and Sehiro) and because 
the per cent erythrocytes in the blood from large vessels is higher than 
the body hematocrit." s Nevertheless, the calculation is appropriate for 
tiie present purpose since we are comparing the results with average 
normal values derived in the same manner. Discussion of this question 
null be found in a separate paper which deals with the mixing time 
and disappearance rate of T-1824 in human eases of shock, and with the 
evidence that this dye measures the plasma volume in shock. It may 
be stated here, however, that evidence of increased capillary leakage 
was not found in eases of shock from skeletal trauma or hemorrhage. 
The dye disappearance rates were approximately the same during shock 
as after recovery. 

Catheterization of the Right Heart. Auricular and Venous Pres- 
sures. — The catheterization of the right auricle was carried out by cut- 
ting down on a median basilic vein of either right or left arm, and run- 
ning in a No. 8 or No. 9 ureteral catheter,* according to the technique 
of Command and associates. 9 Continued experience with this procedure 
has proved its safety, no unfavorable complications having arisen in 
over 150 catheterizations, beyond occasional linear mural thrombosis 
near the site of the incision. The catheter has been left in place con- 
tinuously for as long as twenty-four hours. It was frequently most use- 
ful as a means of administering- blood or other fluids. 

Auricular pressure readings were taken by the use of a saline ma- 
nometer, 10 and peripheral venous pressures recorded in the same man- 
ner, on a second manometer. The levels of venous and auricular pres- 
sures were recorded, using as the zero point the position of the tip of 
the catheter in the right auricle (established by lateral x-ray). 10 

The average vertical distance in thirty eases, from the angle of Louis 
on the external surface of the chest to the tip of the catheter in the 
right auricle, was 66 mm., S.D. + 13. 

The true criterion of adequacy of return of venous blood to the right 
heart is the “effective pressure” in the right auricle; that is, the mean 
rhdit auricular pressure relative to the atmospheric pressure, plus the 
amount of the mean negative intrathoracic pressure as it exists in the 
region of the right auricle. There are two respects in which the auricu- 
lar pressure, as measured by our technique, deviates from this ideal 

•value 

One hydrostatic element that may be somewhat variable is the depth 
f the chamber constituting the right auricle. The catheter, according 
° .. , evidence, lies almost always along the dorsal wall of the auricle, 

to x-i’d} \ , vou u give a somewhat higher level of pressure, 
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a poor venous return might result in some flattening of the antero- 
posterior diameter of the auricle, with the patient lying supine. As a 
source of error of mean auricular pressure, however, this factor is 
probably not large. 

More important is the pleural pressure. Abnormal breathing may 
produce changes in either direction. With hyperventilation, however, 
the pleural pressure usually becomes more negative, especially if the 
breathing is asthmatic or stertorous. This means that the effective 
pressure at the right auricle will be larger, for the same (atmospheric) 
level of the right auricular pressure. A further source of error is that 
with this type of breathing, the auricular pressure as recorded is usually 
nearer the inspiratory level, since saline solution is sucked out of the 
long catheter more readily than blood is foi’eed back in. 10 If the breath- 
ing is unimpeded, however, and relatively quiet, it is probable that 
auricular pressure levels can be compared with normal values, and that 
changes occurring in the clinical course of the individual case will 
represent corresponding changes in effective venous return. 

Arterial Blood Pressure . — Arterial pressure was measured in the 
femoral artery by a Hamilton optical manometer, 11 mean pressure being 
determined by plauimetric integration of the area under the pressure 
pulse curve. 

Cardiac Output by the “Direct Fick” Method . — The direct Fick de- 
termination 9 of cardiac output requires simultaneous sampling of mixed 
venous blood, arterial blood, and expired air. 

After flushing out the saline solution in the catheter by withdrawing 
5 to 10 c.e. of blood back through it. a 15 e.c. sample of mixed venous 
blood was then taken under 5 c.e. of oil in a syringe. Air contamina- 
tion was excluded by a tight rubber adapter and a Luer-lock con- 
uection. Arterial blood was similarly collected in an oil syringe at- 
tached directly to the indwelling arterial needle. Both samples were 
immediately transferred to iced blood bottles containing 10 e.c. of oil. 
previously boiled to remove the air, and crystals of anticoagulant ,(0.6 
mg. sodium fluoride and 4.5 mg. neutral potassium oxalate dried in 
autoclave). They were stirred slowly to prevent settling of red blood 
cells, taken directly to the laboratory, and analyzed immediately for 
°-\'ygeu and carbon dioxide. 

Expired air was collected and measured in a Tissot spirometer or 
Douglas bag. A rubber mouthpiece and noseelip were usually found 
•satisfactory, but it was frequently found necessary to bold the patient's 
^l )s tightly around the mouthpiece. Occasionally in an unconscious 
Patient who required a metal pharyngeal airway, an anesthesia mask 
"as used and care taken to avoid leaks. The spirometer or Douglas 
I’ag had been flushed out with expired air a few minutes before t lie 
cvpired air sample was taken for analysis. 

Expired air was collected over an accurately measured interval, from 
1 to 2 minutes. Fifteen seconds after the start of the expired air col- 
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lection, mixed venous blood sampling was begun, followed 15 seconds 
later by arterial blood sampling. Each blood sample required about 
25 seconds to collect and so was spread out over a considerable part of 
the air-sampling period. The pulse was counted throughout the 
sampling procedures. 

Carbon dioxide and oxygen contents of mixed venous and arterial 
blood were done in duplicate on the Van Slyke-Neill apparatus. Ex- 
pired air samples were analyzed in the Haldane apparatus to determine 
oxygen intake and carbon dioxide output per minute. 

According to the Fick equation : 


Cardiac output (l./min.) = 


0 2 intake (c.e./min.) 

0, arteriovenous diff. (c.c./l. blood) 


Cardiac output (l./min.) = 


or 

C0 2 output (c.e./min.) 

CO, arteriovenous diff. (c.c./l. blood) 


Cardiac output was calculated independently from the carbon dioxide 
and from the oxygen data, and the average value taken. Cardiac index 
in 1. per min. per square millimeter body surface and stroke volume in 
cubic centimeters per beat were also calculated. 

A brief comment upon the validity of this method follows : 


Table I 

Values of Oxygen and Carbon Dioxide in Successive Samples of 
Mixed Venous (Right Auricle) Blood 


patient 


CO. CONTENT, VOL. FER cent 


( 1 ) 


( 2 ) 


0. CONTENT, VOL. 


PER CENT 


( 1 ) 


I 


( 2 ) 


F. c. 

G. B. 
T. 

D. 

F. K. 
W. D. 
M. W. 
Y. C. 
0. K. 
T. C. 
V. 

D. J. 


5G.2 

55.4 

11.2 

11.2 

54.1 

53.9 

3.9 

4.1 

54.5 

55.4 

5.9 

6.3 

54.0 

55.G 

G.S 

7.3 

57.2 

57.4 

12.4 

12.9 

52.5 

52.S 



— 




12.0 

11.8 

54.4 

54.9 

12.S 

13.0 

50.6 

50.2 

10.5 

10.0 

47. G 

47.4 

10.G 

10.4 

57.0 

53.S 

13.6 

14.1 

41.6 

42.7 

11.3 

11.3 


Mixed venous blood sample: The most important question is whether 
the sample of blood taken from the right auricle can be relied upon to 
renresent true mixed venous blood. The best evidences that we have 
J -resent on this point are: .(1) A series of eleven patients, from each 
t„ hnm repeated samples were taken within a few minutes' time, with 
°f B eet in an apparently steady state (Table I). It will be seen 
the su J mixe[1 venous oxygen remained fairly steady; there were 
that va ues successive samples larger than 0.5 volume per 

no i«' renc “.' ,e ‘^Tto“taCO, values c „„,l. (2, A scries 

cent. The agree™ 0Qe being- normal subjects, or subjects with 

of ten patients (an tm 
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arterial hypertension), from each of whom samples from the right 
ventricle and right auricle were drawn within a few minutes’ time. 
The average difference in 0 2 content between the two samples was .11 
vol. per cent, the largest difference being .3 vol. per cent. The carbon 
dioxide contents were not as constant, the average difference being .63 
vol. per cent, the largest 2.1 vol. per cent. In four cases of this series 
a second auricular sample was taken immediately after the first, after 
the tip of the catheter had been withdrawn further into the auricle, 
nearer to the superior vena cava; in two instances the 0_> content of 
both auricular samples checked within .1 vol. per cent; in the other 
two a rather large discrepancy was noted, amounting to .9 and 1.1 vol. 
per cent respectively. Although these observations are still too few, 
they suggest that in normal subjects the oxygen content of the auricular 
blood is the true “mixed venous” oxygen, providing that the tip of the 
auricular catheter is accurately located close to the tricuspid valve. 

Table II 


Comparison of Cardiac Output Calculated by tiie Direct Ficic Method 
axd by the Ballistocardiogram 




TOTAL 


c.vr.Dive output 

PA- 

TIENT 

| rONDITION 

BLOOD 
VOLUME 
(C.C. PER 
SQ. M. 

B. S.*) 

hema- 

tocrit 

(%) 

FICLC 
( L. PER 
MIN. PER 
SQ. M. 

B. S.) 

BCG, 

(L. PER 
MIX. PER 
•SQ. M. 

B. S.) 

DIFFER- 

ENCE 

c V c V. 10n 




co r xl0 ° 

j. n. 

Head injury, coma 

2bo0 

43 

3.02 

2.09 

-rlO.S 

J. L. 

.Skeletal trauma, 
no shock 

2200 

41 

3.0S 

3.12 

-1.4 

S. V. 

Skeletal tiauma, 
no shock 

3S00 

43 

4.13 

3777 

-t-9.2 

A.V.H. Recovery from burns 2760 

37 

3.91 

3.49 

-10.7 

J. E. 

Reeoveiy from 
hemorrhage 

3.110 

37 

1. 15 

4.34 

+1.S 

K. C. 

Recovery from 
hemorrhage 

3110 

25 

3.21 

2.13 

+24.3 

•U E. 

Sc v cio hemorrhage 20*0 

3S 

2.00 

3.04 

-35.6 

E. C. 

Severe hemorrhage 

2200 

24 

2.45 

3,.>0 

-40.3 

E. C. 

Fm tlier bleeding 

2120 

IS 

2.40 

4.2S 

—7 1,3 

McN. 

Skeletal trauma, 
mild shock 

isnio 

25 

2.30 

3.10 

-20.S 

M. C. 

Skeletal trauma, 
milk shock 

2 1!)3 

34 

2. IS 

3.79 

-73.9 

Y T. 

Burns, mild '•hock 

2272 

5S 

1.02 

1.70 

-1.9 


•Cubic oiitmictd p< r siiuin- meter of both suif.tcc 


Arterial blood: This is a reliable sample. The arterial needle re- 
mains in plaee throughout the series of measurements, and there is thus 
no pain at the time the arterial blood sample is taken. 

Esi>trerf air: It may well be argued that a 1-minute sample is too 
short and it is true that there may be some error due to this. Patients 
in shock, hn\\e\er, are often restless and a longer period of collection 
of expired air may result in struggling or other effort which produces 
a still greater i rrnr 
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Although the mean o/ thf ' , Tl, ° s(ri «M ta " i$ mP&.W?} i £ Ju ' 
mean of those based on CO* 0 f a^e'ftt^tho 


oulj r the oxygen transport figures. A T o 


significant differences should 


occur, however, in groups of data, on this account r„ r : " T 
plotted cardiac o„tp„, dgnres in J18 “ 

terminations made on the patients reported in n ° e 

ordinates indicating the v»i„e b.v C0„ .id oh «tta„ bt- oT'!' !?"' 
There is a good eorrelotioo. The „,e„n cord, ZZu! £ CO U?Z 
liters per minute; 5.51 liters per minute bv D m, ' J ' 
means equals 0.2 1 ; standard error of difference of means equals ()■>■> 
This difference between 0 2 cardiac output and fo i; ‘ ' 
statistically not significant. Cardiac output figures calculated sepa- 
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rately from the C0 2 and the 0-, data, in patients in shock, provide a 
better correlation than in normal subjects. 

Control values of cardiac output and related measurements in fifteen 
normal subjects, studied under similar eouditions, appear in Tables III 
and IV. The average values for cardiac index, stroke volume, and 
arteriovenous oxygen difference were respectively 3.42 liters per 
minute per square meter of body surface, S3 c.c. per beat, and 45 
c.e. per liter of blood. The values for cardiac output and stroke volume 
are higher and figures for arteroveuous oxygen difference are lower, 
than corresponding figures reported on the basis of foreign gas methods. 
It will be noted that the 0 2 consumption per square meter of body sur- 
face in this series of fifteen normal individuals was somewhat high, 
indicating that some subjects at least were not in basal metabolic condi- 
tion at the time of study. There are, however, reasons to believe tliat 
accepted figures for cardiac output as given by foreign gas methods are 
too low; a more complete discussion of this question will be published 
elsewhere. 

Cardiac Output by the Use of the Ballistocardiogram . — -During the 
early part of the investigation, ballistocardiographic tracings were 
taken as nearly as possible to the time of the cardiac output determina- 
tion by the direct Fiek method. The procedure followed was com- 
parable to that previously described in normal individuals. 9 It soon 
became evident ( that in many instances the ballistocardiographic trac- 
ings were greatly influenced by the increased respiratory effort that 
was encountered. In Table II the results of twelve double determina- 
tions in nine subjects are listed, in which this disturbing factor was 
minimal. It can be seen that a reasonable agreement existed in subjects 
not in shock and with relatively large cardiac outputs. The cardiac 
output by the direct Fiek method tended to be somewhat larger than 
the cardiac output calculated from the ballistocardiogram, even after 
the correction for cross section of the aorta had been introduced. 9 On 
the other hand, in patients suffering from shock, with one exception 
(Y. T.), differences were very significant and all in the other direction; 
that is, the data calculated from the ballistocardiogram were con- 
sistently larger. The data on two subjects, J. E. and E. C., repeatedly 
■studied while in a state of shock following severe gastric hemorrhage, 
and again after recovery, emphasize strikingly the fair agreement in the 
latter state, and the large discrepancy in the former. Apparently some 
fundamental change occurs in the state of shock which invalidates as- 
sumptions upon which Starr's formulas were based. The two following 
suggestions are made: that as a result of marked decrease in blood 
volume, the capacity of the aorta and thereby its cross section is re- 
duced; that the ejection velocity is increased as compared to that in 
normal conditions, an assumption supported by the change in contour 
(sharp initial peak) for the pressure curves in conditions with di- 
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minished filling of the arterial system (Wiggers). In either case the 
ballistocardiograph as calculated would give too high values. 

As a result of these studies, we were led to discard the ballistocardio- 
gram for the study of variations of circulation in patients in or recover- 
ing from shock. 

Peripheral Resistance. — The total peripheral vascular resistance, K, 
was calculated from the formula : 


^ ^ Pm (mean pressure in mm. Hg) x 1332 
C.O. (cardiac output in c.c. per sec.) 

The total peripheral vascular resistance, expressed in — 

cm 0 


repre- 


sents the total fall of pressure from the root of the aorta to the right 
auricle per unit of total blood flow per second. 12 Mean pressure in the 
femoral artery is assumed to be equal to mean pressure in the aorta, 
and since auricular pressure, expressed iu mm. Hg, is virtually zero, it 
is neglected. 

The total peripheral resistance is an overall measurement of re- 
sistance to flow and, as such, does not permit differentiation of local 
vascular changes and compensations. Local variations in resistance to 
flow are mostly contributed to by cross-sectional changes in vessels; 
however, changes in viscosity, especially at low pressure, are not a 
negligible factor. 

As for interpretation, it can he tentatively stated that: (1) A 
calculated resistance within normal range does not exclude vasocon- 
striction in some areas if compensated by decreased resistance to flow 
in other areas. ,(2) A calculated resistance greater than normal may 
indicate (a) a predominance of vasoconstriction in some areas over 
vasodilatation or normal vascular tone in other areas; (b) an increase 
in viscosity; (e) a combination of both. (3) A calculated resistance 
lower than normal may result from .(a) predominance of vasodilatation 
in some areas over vasoconstriction iu others; (b) a decrease in vis- 
cosity; (e) a combination of both. 

Respiratory Gases in Blood . — The following information was obtained 
for both mixed venous and arterial blood : 


CCL content of blood, vol. % 
CO» content of serum, vol. % 
CO: tension, mm. Hg 
GO" content at 40 mm. tension 
Hydrogen-ion concentration at 
0- content, vol. % 

O: capacity, vol. % 

0.. saturation, % 


(CO-) 1 ’ 

xcoly 

P co, 

(alkali reserve), vol. fc T, a 
37° C. pHs 


HbOj 

Of 


TO content 0- content, and 0 : capacity were determined directly 
nd i saturation calculated. In 68 per cent of the eases, hydrogen-mu 
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concentration was determined by the glass electrode method. A modified 
form of the Maelnnes and Belcher glass electrode was used. The design 
permitted its being filled with mercury so that blood could be trans- 
ferred from a pipette without contact with air. Samples were analyzed 
within fifteen minutes of the time they were drawn. Frequent control 
determinations with buffer solutions of known pH were made between 
sample determinations. (C0 2 )‘ and pC0 2 were calculated, using the 
line charts of Van Slyke and Sendroy. The CO- content at 40 mm. CO- 
tension was estimated by making use of the alignment chart of Hender- 
son, Bock, Dill, and Edwards. 13 

In 32 per cent of the cases one or two points on the C0 2 dissociation 
curve were determined by the tonometer technique. Use was made of 
the Henderson, Bock, Dill, and Edwards chart in the calculation of 
pC0 2 and T 40 and of the Van Slyke and Sendroy line charts in the de- 
termination of (C0 2 ) s and hydrogen-ion concentration. Normal control 
values appear in Table IV. 

Lactic Acid . — Lactic acid was determined by oxidation with ceric 
sulfate according to the mierodiffusion method described by Winnick. 14 
A misleading statement made by Gordon and Quastel 15 concerning the 
absence of oxidation of ethyl alcohol by ceric sulfate, invalidated at 
first all determinations made in subjects studied in a state of alcoholism. 
More recently, a modification of the original method has been developed, 
making possible the accurate determination of lactic acid in the pres- 
ence of alcohol. Other controlled experiments have indicated that the 
presence of mannitol, a substance used for the measure of plasma flow 
through the kidney, has no effect upon lactic acid determinations. 

Renal Clearances . — The renal clearance of mannitol has been used as 
a measure of the glomerular filtration rate 36 and the clearance of 
p-aminohippurate as a measure of the renal plasma flow. 11 Priming 
doses of 18 Gm. of mannitol,* and of 16.S mg. per pound of body weight 
of p-aminohippurate were given intravenously, followed by intravenous 
infusion of 5 per cent mannitol and 200 to 300 mg. per cent p-amino- 
hippurate solution at a rate of 4 e.c. per minute. After a 15-minute dis- 
card period, urine was collected by indwelling catheter and arterial 
blood taken at intervals. Mannitol in cadmium filtrates of plasma and 
in diluted urine 18 was determined by the modification of the method of 
Silberstein, Rappaport, and Reifer, 13 described by Smith, Finkelstein, 
and Smith. 1 " Sodium p-aminohippurate was determined in the same 
cadmium filtrates and urines by a colorimetric method. 20 

In addition to (a) glomerular filtration and (b) plasma flow ex- 
pressed in cubic centimeters per minute, the following data were cal- 
culated: (c) Filtration fraction, the proportion of the plasma flowing 
through the kidney, which is filtered at the glomeruli; (d) effective 

•The mannitol ami p-aminohippurate, etc., used in this study were supplied by 
Sharp and Dohme. 
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'renal blood flow, calculated from 
formula 


plasma flow and hematocrit by the 


R.B.F. 


clearance of p-aminohippurate 
100 - hematocrit % 


x 100 


(e) Renal fraction, the percentage of the total cardiac output which 
passes through the kidneys, expressed ns 


R.B.P., iit./min. 
C.O., lit./min. 


x 100 


The figure for cardiac output was taken either from the observation 
nearest to the time of renal study, if the patient’s condition had not 
changed, or as an average of two cardiac output determinations, one 
before, the other after renal clearance studies, when the condition had 
changed, ,(f) Average urine flow in cubic centimeters per minute. 
This volume, as measured, has been influenced hy the injection of 
hypertonic solution of mannitol, and thus is presumably greater than 
the true urine flow obtaining- in the given state of the circulation at the 
time. 

It is assumed that mannitol filtration is not altered during shock, 
and that the clearance of this substance is a measure of the glomer- 
ular filtration rate. In the ease of sodium p-aminohippurate, how- 
ever, it may very well be argued that anoxia in the course of shock 
causes decreased activity of the mechanism by which it is excreted into 
the tuhules and thereby results in the failure of complete extraction, 
This would lead to falsely low values for the rate of renal plasma flow, 
and thns to falsely high values for filtration fraction. In the course of 
this investigation, the filtration fraction in the majority of instances so 
far studied has been either normal or quite low. in the presence of 
marked anoxia, and apparently a reduced effective renal flow. 


MATERIAL FOR STUDY 

The material upon which the present paper is based includes 36 cases, 
of which the patients in 16 were suffering from skeletal trauma, 4 from 
hemorrhage, 4 from burns, 6 from abdominal injury, and 6 from head 

injury. , ... , 

Patients in the 16 cases of skeletal trauma all suffered from multiple, 
usually compound or comminuted , fractures of the limbs. Three among 
them had special features: one had fractured ribs with hemopnenum- 
thorax and paradoxical motion of the chest Avail ; another had, in addi- 
tion to a fracture of the pelvis, a fractured skull and slightly bloody 
spinal fluid; a third developed a very severe infusion reaction during 
the course of the study. The patients in S out ot these 16 cases wcie 
considered to be suffering from shock, when first observed. Repeat 
measurements were made after spontaneous cluneal improvement or 
after institution of treatment of the shock condition. 
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The 4 eases of hemorrhage consisted of 2 subjects with massive 
hematemesis due to ulcer, one with intestinal bleeding due to a rup- 
tured vein in the small intestine, and one with external bleeding from 
self-inflicted cuts of the neck and arms. All 4 patients were considered 
to be in shock of varying intensity at some time during the period of 
observation. One of these was found upon recovery to present evidence 
of arterial hypertension. 

Four patients with burns were studied ; in 2 of them approximately 
one-third of the body surface was involved ; in 1, about one-quarter ; 
and in the fourth, the face and both hands. Depth of burns ranged 
from first to third degree. 

Three patients with abdominal injuries, suffering respectively from a 
ruptured peptic ulcer, a ruptured urinary bladder, and necrosis of the 
sigmoid and rectum following an enema with a caustic substance, w T ere 
not considered to be in shock at the time of study. One of these cases, 
on recovery, was found to have arterial hypertension. The 3 other pa- 
tients with abdominal injuries presenting clinical manifestations of 
shock, suffered from incarcerated hernia, ruptured ileum, and intestinal 
obstruction respectively. The patient with intestinal obstruction was 
in a moribund condition when studied. 

The 6 cases of head injury were all comatose, and prognosis when 
first seen was considered to be fatal. At autopsy in addition to sub- 
dural and/or subarachnoid hemorrhage, multiple punctate hemorrhages 
of the pons and other parts of the brain stem were found. They were 
all first studied during the period of arterial hypertension and progres- 
sive hyperthermia, and then followed until death. 

Sixteen, or 45 per cent of the total number of 36 patients died, and 
11 were autopsied. 

CLASSIFICATION AND CLINICAL MANIFESTATIONS 

Primary subdivision of all clinical material on the basis of type of 
injury, as already indicated above, has been retained in the presentation 
of physiologic data, since the actual results were found to group them- 
selves most satisfactorily in this manner. 

A secondary differentiation as to the degree of shock has also been 
made. This has been done in the light of all available data, including 
the extent and time of injury, clinical manifestations on admission, the 
laboratory findings, and the subsequent clinical coarse. 

Skeletal Trauma . — Of the 16 cases in this group, 8 were classified 
as having “no shock,” 4 “mild shock,” and 4 “severe shock.” 

In spite of the absence of specific clinical criteria by which to evalu- 
ate the severity of shock, the overall clinical impressions at the time of 
study of these 16 patients with skeletal trauma were fairly consistent 
with the classification made in retrospect. Thus, clinically, none of 
the patients in the “no shock” group were considered to be in shock 
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at the time of study, although, in most cases, shock had been anticipated 
because of the severity of the injuries. Of the 4 patients in the “mild 
shock group, 1 showed no clinical evidence of shock and 2 appeared 
to be in moderately severe shock. One of the latter cases was compli- 
cated by chest injury, with paradoxical motion of the chest wall, and 
the other by acute alcoholism, both conditions having brought on shock- 
like symptoms which were difficult to evaluate. All 4 cases in the 
seveie shock group were so described on clinical grounds. 

More exact evaluation of the individual patient, on the basis of clini- 
cal manifestations, was most difficult, both because the signs and symp- 
toms were so varied from one patient to another, and because such 
manifold changes frequently were seen in the same patient within a 
relatively brief period of time. A few general descriptive comments 
can be made. 


Patients not in shock had more symptoms and fewer signs, those with 
severe shock fewer symptoms and more signs. Pain, for example, was 
present in all “no shock” cases, but absent in one-half of the cases with 
“mild” or “severe” shock. Apprehensiveness was less often seen in 
patients in severe shock in this group. These patients, in fact, were 
usually apathetic, quiet, cooperative, rational when roused, without 
physical complaint, and without anxiety. Not infrequently as a patient 
emerged from shock he began to be restless and complain of pain. They 
were usually much more disturbed about the various examinations 
made, after recovery, than they had been on admission, during shock. 

Of individual symptoms, thirst was the most constant. Pallor and 
coolness of extremities paralleled in a general way the severity of shock; 


but the subjective sensation of cold might be complained of whether 
the patient was in shock or not. This sensation was often associated 
with some shivering. Transient nausea and vomiting occurred at some 
time in almost every case of shock. Sweating was frequent but usually 


a fleeting phenomenon. The arterial pulse in shock was thready, often 
imperceptible at the wrist; the rate was quite variable. The peripheral 
veins were usually small and collapsed; a needle could usually be intro- 
duced readily, though often blood could not be withdrawn. Cyanosis 
and mottling of the skin, usually a terminal finding, were occasionally 
seen in patients whose condition was not serious. 

Hemorrhage.—' The group of 4 hemorrhage cases was too small to siib- 
. . , j t j s therefore, not homogeneous either with respect to the type 
Ifhleedin" or to the depth of shock. Some of the clinical manifesto- 
01 . v ^ mental and emotional depression, and thready 

tiWS> closely to those of the skeletal t. •auma group, 

pulse, con esponte - ti a ,„! collapsed veins were more promi- 

YaUor, coolness of the ^ ^ evideil(;e TJ) , u , wUwy t0 

nent, while pain ^an because of iiematcmcsis in two of the ease,, 

vomit could not oe cum^a 
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Restlessness was observed in association with active bleeding at a time 
when the patient had already lost large quantities of blood. 

Burns . — The patients in 3 out of 4 eases were considered to be in 
shock when first examined. In contrast to the previous group in shock, 
restlessness and pain were prominent; thirst and vomiting were also 
present. 

Abdominal Injuries . — The differentiation of the eases of abdominal 
injury into those with and those without shock present was clear-cut, 
upon review of all the data. The 3 patients without shock were in good 
condition; all were operated upon successfully and recovered. The 3 
others were in advanced shock: 1 died within an hour after the study 
was completed, the other 2 both died within twenty-four hours of the 
time of study. 

In general, the patients with abdominal pathologj T showed more of 
the usual clinical signs and symptoms of shock than those with skeletal 
trauma or hemorrhage with a comparable degree of circulatory failure. 

Head Injuries . — The head injury eases contrasted sharply with the 
other groups. Studied initially in the phase of hypertension and hyper- 
thermia, they had bounding pulses and burning hot skin over the head 
and trunk. The extremities remained cool and dry. The respirations 
were both deep and rapid and frequently became stertorous due to fall- 
ing back of the tongue or to partial obstruction of the airway by 
aspirated material. All patients in this group were comatose, had no 
cough reflexes, and vomited, making aspiration of vomitus into the 
lungs almost inevitable unless the stomach was kept empty by means 
of a Levine tube. A metal pharyngeal airway and frequent use of 
suction helped to maintain a free air passage. These patients showed 
none of the clinical manifestations of shock. 

RESULTS 

State of the Circulation in Various Types of Injury 

In Tables III and IV and Fig. 2 are given, for each type of injury, 
the means and the range of variation of the following measurements: 

(a) Blood volume and its components, (b) arterial blood pressure, 
(e) right auricular and peripheral (arm) venous pressures, (d) cardiac 
output and the state of respiratory gases in arterial and mixed venous 
blood, and (e) respiratory gas exchange. 

Inasmuch as the comparison sought for in the tabulation was the state 
of shock versus the state of nonshock, that particular series of measure- 
ments was chosen, on each patient in shock, which showed the greatest 
deviations from normal, i.e., the severest shock picture. The table con- 
trasts the group picture, so to speak, of the circulation in shock, con- 
structed in this way, against the group picture of the circulation of 
injured subjects not in shock. The progressive change, as a given pa- 
tient moves from shock to recovery, is considered in a subsequent sec- 
tion. 


For purposes of reference, at the top of the tables are given a set of 
noi nial values of the various functions measured. 

Skeletal Trauma Without Manifestation of Shock— The findings in 
tins group may be compared to average values obtained in nonnafsub- 



„ . citation of arerJi-c measuicmonts sho»n in T.ilth.i III .mil 

Fie- 2.— Graphic rcP- anil description of nieaaui omenta mo test.) 

IV. (For mode aIK j aurlc ular pre.ssm es. arteila! blood pios-airo. |dl and Oi 

Blood volume, venous aim am . n|., r coordinates. All rimalnins 

saturation of a; -.[.‘.Inst In ,1 "' ™lumn of O. animation. 

measurements plotted^asa ^ ent. the open block the oxyh.mo- 

Sobm per cent of total hemos o^n. Tlhh . H ,,, lv x „ M1 iu.s are 

t T or approximate normal co , h Ia! % enoiu pressure In the abdominal Injm >• 
KU ' Uta f ° r U,i3 ” "' r0 

group witii sc ' 


Incomplete*. 
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jects. . The metabolic conditions under which the two groups were 
studied, while not strictly basal in either group, were comparable. 

It can be seen that the hemodynamic status of eases with severe 
trauma without clinical manifestations of shock, is close to normal. 
Differences in pulse rate, arterial, venous, and auricular pressures, 
blood volume, cardiac output, peripheral resistance, ventilation, oxygen 
consumption, and the oxygen saturation, carbon dioxide pressure, al- 
kali reserve, and hydrogen-ion concentration of both arterial and mixed 
venous blood, are well within the range of normal variation. Hema- 
tocrit and plasma protein were slightly below normal figures. Thus, 
the injured individuals who showed no clinical or other manifestations 
of shock were found to have a circulatory status within nonnal limits 
except for slightly low hematocrit and plasma protein. 

Skeletal Trauma With Mild and Severe Shock. — The picture of pe- 
ripheral circulatory failure in these cases was definite and consistent, 
as shown in the tables and figure. The chief findings in severe shock 
may be grouped as follows : 

Blood volume: Blood volume was sharply decreased, the average 
value being little more than one-half normal. Red cells were decreased 
more than plasma, as indicated by low hematocrit reading. In no in- 
stance, in this group, was there any evidence of hemoconcentration. 

Intravascular pressures: Arterial blood pressure was low, average 
mean pressure being just under 40 mm. There was a tendency fox- 
systolic pressure to fall more than diastolic, pulse px-essui-e thus being 
also diminished. 

Pressures in the right auricle, expx-essed in relation to atmospheric 
pressure, were consistently below normal, lively patient in sevei-e 
shock had an auricular pressure of 0 or below. Pleural pressures not 
having been measured, the effective pressure of venous return to the 
right aui-icle was not determined. 

Peripheral .(arm) venous pressures, on the other hand, were not de- 
creased, sometimes even elevated above normal in severe shock. 

Cardiac output: This fundamental function was decreased, the mean 
value in severe shock being less than two-thirds normal. There was one 
exception (Table I), patient A. A., who was having a severe shaking 
chill at the time of study, with a temperature of 103° F„ rising shortly 
after to 107° F. 

Respiratory yas exchange: Pulmonary ventilation was increased in 
severe shock, though not in every case; it was probably associated with 
uncompensated acidosis. Oxygen consumption, on the other hand, was 
slightly subnormal. The single exception here was, again, the patient 
with the s haking chill and high temperature. Arterial blood was nor- 
mally saturated with oxygen, except in a few instances with known 
pulmonary- disease. .Mixed venous oxygen was therefoi-e decreased ap- 
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proximately in proportion to the decrease in cardiac output. Tins is 
well shown in the chart. 


Acid-base equilibrium: Alkali reserve and arterial hydrogen-ion 
concentration were both sharply decreased, an uncompensated acidosis. 
In some instances the acidosis was very marked. High blood lactic acid 
figuics indicated that fixed organic acids played a large part in pro- 
ducing this change. Mixed venous hydrogen-ion concentration fell 
even more than arterial in shock, the arteriovenous differences in 
hydrogen-ion concentration being thus increased. 

It was at first thought that an acidosis of this land was an essential 
feature of the shock picture in skeletal trauma. In more recent studies 
(subsequent to the series here reported) we have found that in early 
shock (within the first two or three hours), pH is still normal, even 
though the degree of shock may be severe; uncompensated acidosis de- 
velops in succeeding hours. 

Perhaps the most striking feature of the results in the groupi of cases 
in mild shock is that they are in every respect consistent witli the find- 
. ings in severe shock. In other words, in eveiy significant measurement 
the value in mild shock lies between the two extremes, on the one hand 
the normal figure, on the other that in severe shock. 

Hemorrhage . — The blood loss in the 4 cases comprising this group 
could not be quantitatively estimated with any degree of accuracy. 
Blood volume studies, however, indicate not only different amounts of 
bleeding but also differences in the extent of hemodilution. On an 
average, blood volume was about two-thirds of normal and midway 
between values observed in the mild and in the severe shock groups 
with skeletal trauma. Average values of auricular pressure, cardiac 
output, stroke volume, mixed venous oxygen and arterial hydrogen-ion 
concentration also fell between similar values in the two latter groups. 
However, there were some differences worth noticing between the group 
with hemorrhage and the groups with severe trauma in shock: (1) 
The proportionally higher value of arterial blood pressure and pe- 
ripheral resistance in the hemorrhage group, .(2) the lower oxygen con- 
sumption, (3) the lower ventilation resulting in somewhat higher pCOj 
values in both arterial and mixed venous blood, (4) the lesser pulse rate 
increase. It must be noted that average values of arterial blood pressure 
and peripheral resistance are somewhat distorted by the values ob- 
served in one subject (E.C.) who later was proved to be suffering from 
arterial hypertension; nevertheless, one patient (CM''.) to be discussed 
' the second paper in greater detail, with the lowest blood volume and 
1U liac ou tput of the group, still maintained a relatively high arterial 
bl 1 pressure, and had therefore by calculation an abnormally high 


peiipkeial ie ' ‘ from the differences noted above, which may be 
In summary ^ ^yliieh require further investigation, the status 
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of circulatory dynamics in patients with hemorrhage is closely similar 
to that in patients in shock due to severe trauma. 

Burns . — This group is not very homogeneous with regard to extent 
of burns, or the time intervals between injury and study. The initial 
measurements were, however, taken before treatment with plasma had 
been started. In addition, because of technical difficulties due to the dis- 
tribution of burns, some of the measurements are missing. Description 
of individual cases .(to be reported later), followed over a long period of 
time, will give a more complete picture especially with regard to the 
relation of plasma loss to hemodynamic change. Certain definite trends, 
however, can be noted (Tables III and IV) : (1) The large decrease 
in plasma volume with high hematocrit and relatively normal plasma 
protein; (2) the consistently low figures for cardiac index and stroke 
volume; (3) the lesser increase in pulse rate than in other groups; 
in one patient with severe shock, and very low blood pressure, the pulse 
rate was 58; .(4) the low ventilation and low oxygen consumption; (5) 
the rather small decrease in alkali reserve. 

Abdominal Injury Followed by Prompt Recovery . — This group of 3 
patients was not in shock and the state of their circulation was normal. 
A further proof of their condition was that all three underwent major 
operative procedures shortly after study, and made uneventful re- 
coveries. 

With minor variations, values for blood volume, auricular and pe- 
ripheral venous pressure, cardiac output, stroke volume, and arterio- 
venous difference were well within the normal range. Due to findings 
in one patient, who later proved to be hypertensive, the average arterial 
blood pressure was slightly above normal; the range of values of 
peripheral resistance on this account is quite large. Consistent with the 
normal state of circulation were the normal state of respiratory gases, 
alkali reserve, and level of hydrogen-ion concentration in both arterial 
and mixed venous blood. As expected with infradiaphragmatic pa- 
thology, resulting in distended and rigid abdominal wall, there was 
some hyperventilation. The single striking difference between this 
group and that represented by normal controls and by patients with 
skeletal trauma not in shock, was the high hematocrit. Infection, fever, 
vomiting, and the relatively long duration of some of these abdominal 
conditions may have been factors responsible here. 

Abdominal Injury Followed by Death . — In this group of 3 patients, 
all in profound shock, death occurred within a short period of time 
following observation. In only 1 case was blood volume measured; this 
was only slightly below normal figures. Average figures of arterial 
blood and auricular pressure, of cardiac output and stroke volume were 
all low; in 1 patient, who died within one hour, the lowest figure of 
cardiac output of the series was recorded. Hyperventilation was 
marked, arterial hydrogen-ion concentration low, and the arteriovenous 
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i ," "‘V *•'“ -'Wi.. i.. Hi i, licnioiiuiiccntriition 

"** l"'™" 10 "“'I l»»'«l«trit was lii-l,, although 

pwitfin concent ration wa.s normal. 

Fulfil Head Injun/ During Period »f Arterial It ijpcrt enrion , —The 
°} b t ' ) , ws "!>»* ‘*xri‘»sive bruin damage was first studied during 
tin* period of arterial hypertension, which preceded death bv variable 
always brief intervals of time. Tim state of the circulation was then 
m sharp contrast with that observed in patients with severe skeletal 
trammi and shock, hemorrhage, burns, am] fatal abdominal injury. 
W itb a blood volume on the low side of normal, the cardiac output was 
either normal or somewhat elevated. Wide variations in auricular 
pressure, resulting from vvrv abnormal depth and quality of respiration, 
edhei gasping and stertorous as in most instances, or groaning, rendered 
any reading ditlieuit to record and interpret. The peripheral resistance 
"as on the upper side ot normal. Apart from a tendency to gaseous 
alkalosis resulting train hyperventilation, all findings in arterial and 
mixed venous blood were normal. 


Changes in Circulation Occurring During Recover >j From Shock 
Data in ti subjects. 4 with skeletal trauma and 2 with hemorrhage, 
"dto were studied in the state of shock and again shortly after recovery 
trom shock, following blood transfusion, are tabulated in Table V. 


Table V 


CoMe.uasos or Aveimsk l/E.isn.’E.uf.vTs /.v State or Shock and After Recovery 
From Shock, Following in. non Tih.vskcsio.v, in Six Subjects* 


M KASt’JIK.M E.VTS 

SHOCK 

RECOVERY 

Body temperature (’('.) 

37.S 

37.3 

i’ulso rate 

115 

103 

Arterial blood pressure (mm. llg) 

09/35 

120 / 02 

Auricular procure (mm. H.O)f 

+5 

+23 

Cardiac index (liters per m-Ii.s.) 

1.90 


Stroke volume ( e.e. per beat) 

2S.3 

,10.0 

Oxvgen art.-veu. difference (e.e. per liter blood) 

SI 

55 

Plasma volume (e.e. per m-b.s.) t 

1. lug 

1029 

Total blood volume (e.e. per m'-b.s. ) i 

1005 

2505 

Ventilation (liters per m-'b.s. ) 

7.S2 

7.5$ 

O.vvgen intake (e.e. per m=b.s.) 

150.5 

102.5 

Art. blood CO. eont. at 40 mm. llg (vol. Or) t 

33.S 

43.5 

pH. (arterial blood) 

r.si 

7.37 

Mixed venous blood 0, sat. (%) 

35.S 

52.7 


• 4 with skeletal trauma. 2 with large hemorrhage, 
f Average of 5* 

$ Average 


The average amount of blood transfused was 1170 c.c. and in addition 
„, pn ™ amount of 17 SO c.c. of saline solution was injected. The 

(1)1 cl\ 

time interval between the two sets oi measurements was, on an average, 
{"•'hours (excepting one case in which the second study was forty-eight 
five io h first ) Improvement in circulation was striking; arterial 
hours a returned to normal levels while blood volume and cardiac 

blood pvessvu approximately by 50 per cent of their previous 

output increased ootn ai n 
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values; auricular pressure increased by 20 nun. ILO, the three latter 
measurements being still below normal values. Alkali reserve and 
hydrogen-ion concentration showed similar trends. Hyperventilation and 
high pulse rate usually persisted. Oxygen consumption increased some- 
what. 

In brief, these data show the manner in which the circulation in 
peripheral failure, as seen in hemorrhagic or traumatic shock, can be 
restored by blood transfusion. 

State of Renal Circulation in Relation to Shock 
The material collected does not as yet permit an estimation of the 
effect of shock upon renal blood flow and rate of glomerular filtration. 
Data on one control group provided by head injuries, and isolated 
observations in other types of injuries with various states of the circula- 
tion, have been tabulated in Table VI. They should be viewed only as 
indicative of trends, to be supported bj' further investigation still in 
progress. 

Table VI 


Renal Circulation in Various Types of Injuries 
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33 

63 ~ 

S ® 

Normal control 
Head injury 

Average of 

— 

130.0 

688.0 

.1S9 

— 

20.0 

— 

Skeletal trauma — 

5 cases 

J. Y. 

S6 

40 

5.7 

2.3 

113.4 552.3 .205 990 

too low to be measured 

17.3 

4.62 

profound shock 
Hemorrhage 

A. A.* 

54 

5.1 

2.6 

22.7 

.115 

32 

0.6 

0.10 

(a) profound 
shock 

H. M. 

45 

3.1 

5.1 

10S.0 

.047 

160 

4.5 

0.34 

(b) during re- C. F. 
covery from 
shock 

Abdominal injury 

90 

3.1 

42.9 

194.9 

.220 

310 

10.0 

2.95 

(a) no shock 

L. P. 

72 

7.2 

110.1 

690.0 

.165 

1352 

1S.S 

5.60 

(b) profound 
shock 

J. D. 

73 

3.9 

2.0 

11.3 

.178 

22.0 

0.6 

0.17 


*Very bcvere infusion reaction. 


The average results in a eases of head injury, studied during periods 
of hypertension, show only slight deviation from normal findings, in- 
dicating that kidney circulation, like general circulation, remained 
essentially unaltered. 

Results in 2 cases of severe shock due to skeletal trauma observed at 
their worst indicate extreme reduction in urine flow, too low to be 
measured accurately in J. V. In A. A., who suffered a severe infusion 
reaction with chills and fever throughout the renal study, the interpre- 
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tufimi is N.miowlmt difficult; it is seen, however, that there was a very 
trreat decrease in filtration rate, effective plasma How, or effective blood 
dim - , and mud 1'raet ion. 

In one hemorrhage patient in profound shoek, the results are some- 
what similar, with minor differences. In the second ease of hemorrhage, 
given blood translnsion f blood hank) during the period of clearances, 
having a relatively high arterial mean pressure, the state of the renal 
rireiilafion is somewhat belter, especially the rate of filtration. 

Of 2 cases of abdominal injury, one patient without shock showed 
normal renal circulatory dynamics, fn the second case, a considerable 
reduction in effective renal blood flow was noted. Tin’s patient was in 
profound shock, in spite of the fact that the arterial blood pressure teas 
not greatly decreased, the mean pressure being, as a matter of fact, the 
same as that of the first patient. A further interesting finding was a 
normal filtration fraction in this second (shock) case. 


m.scussio.v 


The descriptive data obtained in the present study indicate that 
traumatic shock is a rapid or precipitate failure of the emulation, 
usually associated with inadequate return flow' of blood to the heart. 
Tin's is in accord with the generally accepted view of shock, as developed 
in animal and in clinical studies. 

If the above definition is valid, then the severity of shock should be 
consistently measured by the extent of decrease in cardiac output. Our 
results bear out this statement, the cardiac output being apparently a 
good index of shock in every ease except two; one patient with frac- 
tured pelvis, who was having a violent shaking chill at the time of 
study, and one abdominal injury with fever and high oxygen consump- 
tion. The arteriovenous differences were, however, high in both these 


eases. 

Equally consistent was the rise in cardiac output as the patient 
emerged from shock. This is shown in Table V. It will be better illus- 
trated by individual case reports, in a subsequent paper. 


The obvious question at this point is, how we have assigned the varx- 
us patients into the categories of "shock” and "no shock,” and 
■liether we are not creating these categories simply on the basis of the 
measurements themselves. As stated in the body of the paper, the 
falsification of each patient has been the best estimate that we have 
able to make, using all available information — the clinical descrip- 
'. cel1 oj > t)ie patient at the time, the sum of the measurements made, 
I0 "® the clinical course which the patient pursued. Using all 

U1C e 1 +J)W . e , va .s actually but little if any doubt as to whether 

T, . ™ il iock or not, at the tine of initial stady 
n given pa ien immediately responsible for circulatory failure 

Tlie auatomie ‘ t • most instances to be a deficit in blood volume, 
in oar cases appealed m 
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The average loss of blood volume, in cases in severe shock, was about 
40 per cent. The equally important question whether a state of shock 
can develop without significant loss in circulating blood volume was 
not directly answered by the data presented in this paper. Further 
evidence on this problem, and its relation to so-called “primary” or 
“neurogenic” shock, will be ottered in later papers. 

Heinodilution, rather than hemoeoncentration, was found in all cases 
of skeletal trauma with shock, and in all hemorrhage cases except one. 
While added plasma and saline solution might have been factors in this 
heinodilution, in the studies carried out during and after treatment, this 
could not apply to the initial measurements made usually soon after 
admission; and in these also, heinodilution was regularly demonstrated. 
In the skeletal trauma eases, the mechanism appeared to be chiefly extra- 
vascular blood loss .(hemorrhage into tissues), followed by compensatory 
inflow of fluid from the tissues. 

This finding (heinodilution) is of some importance in demonstrating 
that in these particular groups of eases of clinical shock, neither “in- 
creased capillary permeability” in the usually accepted sense, nor the 
consequent hemoeoncentration, was present or played any part in the 
shock mechanism. 

In burns and abdominal injuries, hemoeoncentration was found. 

If shock is due to failure of venous return, then the “effective pres- 
sure” of blood in the right auricle in states of shock should be con- 
sistently low. This we were not able to demonstrate precisely, since our 
auricular pressures were measured with reference to outside atmospheric 
pressure, rather than to intrathoraeie pressure. This is an important 
point, since it is known that intrathoraeie and intra-aurieular pressures 
vary greatly with changes in form of respiration. Examples of this are, 
in fact, given in some of our patients with head injury, whose exag- 
gerated stertorous breathing sucked the auricular pressures well below 
atmospheric levels, even though cardiac output was normal. It is also 
true that there is among normal subjects a considerable variation in 
the recorded right auricular pressures. 

Admitting deviations due to irregular respiration and to individual 
differences, it is nonetheless probably significant, as shown in Tables III 
and IV, that the average figures for auricular pressure decreased 
progressively with increasing severity of shock, and (Table V) increased 
again as the patient recovered. Individual studies show instances of 
established shoek in which auricular pressures were still within the lower 
limits of normal (+20 mm. of water) ; but we have had no case of shoek 
with elevated auricular pressure, save for a patient with pulmonary 
embolus not included in this study. This is probably best considered 
as a special case, of acute failure of venous return to the left heart. 
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lt l ‘ an ,)L ‘ • Slak ' ,l) thorolore, that our average figures on right auricular 
pressures -suggest failure of venous return, in the patients in shock, and 
that none of the data are inconsistent with this hypothesis. 

While the degree of shock was well correlated with the fall in arterial 
( femoral) blood pressure, this relationship was not constant in all 
instances. Two patients obviously in severe shock on admission had 
mean blood pressures within normal limits. Another had a rise of 
pi ess ui e to normal during the early part of treatment, without emerging 
from shock. These eases will he described in detail in the next paper 
of the series. 


It is to he noted that the systolic pressure regularly fell more than 
the diastolie in shock, with, therefore, a reduced pulse pressure. Dur- 
ing recovery, also, the systolic pressure increase was greater than that 
of the diastolic. 


Low arterial pressure raises the question of inadequate coronary 
blood How and of myocardial weakness. If this existed, it never ex- 
tended to the point of congestive failure, since auricular pressures re- 
mained low. Thus, as already stated, the failure of venous return ap- 
peared to he the dominant factor. 

Increase in pulse rate was variable and not a reliable criterion, or 
well correlated with the other data. 

Adequate methods of determination of mean arterial pressure and of 
cardiac output have made possible the calculation of total peripheral 
vascular resistance. As will be seen from the figure and tables, the 
average values indicate that total peripheral resistance is not regularly 
increased in eases of shock. It should be emphasized, however, that 
the range of variation, from one individual ease to another, was very 
large, extending from extremely low to moderately high values. Also, 
it was not infrequent to find low values for total peripheral resistance, 
when at the same time there was evidence of marked vasoconstriction in 
local vascular systems, specifically the skin of the extremities, and the 
kidneys. The eases of hemorrhage with shock showed, on the average, a 
somewhat higher peripheral resistance than the cases of skeletal trauma 
with shock, but this difference cannot be considered significant, with 


the present limited data. 

That no consistent trend was observed may be due, among other 
to irreat variations in the amount and rate of blood and fluid 
loss changes in blood viscosity, and the degree of peripheral circulatory 
. ’ Obviously, great differences existed in the pattern whereby the 
•itv of the vascular system as a whole adapted itself to loss in eircu- 
capaci vo i um e. Detailed study of the adaptation in individual 

latlU ° . iy .rive more useful information on this problem, 
eases m< 3 ° . vascular status receives some elucidation from the 

One loca P ‘ , era l arm venous pressures with central auricular 
comparison o p £or t ],j s particular peripheral-central pressure 

pressures. l )ie tei 
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gradient to increase during shock gives support to the concept of nai*- 
rowing of the venous channels in the extremities. It is not known 
whether this is on the basis of active venospasm or of passive collapse 
from lack of blood volume. 

The considerable decrease in effective renal flow observed in the few 
subjects studied in a state of severe shock indicates either that the head 
pressure in the afferent artery is too low to promote filtration and 
effective flow and/or that active constriction is taking place. The latter 
mechanism would suggest that the kidneys, like the skin, are temporarily 
cut off from the circulation, thus making available more of the limited 
blood supply for immediately essential bodily functions. This adjust- 
ment of the renal circulation would play an important part in the 
attempt to maintain vascular hemostasis during periods of stress. The 
data on filtration fraction collected in patients in severe shock or dur- 
ing recovery from shock, suggest that the marked reduction in effec- 
tive renal plasma flow is not primarily the result of failure of extrac- 
tion of p-aminohippurate, but rather represents a true decrease in the 
circulation through the kidneys. These and other questions will lie 
discussed in a separate paper dealing with the renal circulation in 
shock. 

Total metabolism tended to be low in our cases of shock, acid-base 
levels decreased, with uncompensated acidosis. Blood lactic acid was 
much increased, accounting for a large part, if not all, of the fixed acid 
increase. Further data on this point will be presented in a subsequent 
paper. It might be noted that in two patients in profound shock, blood 
potassium was measured and found to be less than 6 mg. per 100 c.c. 
Uncompensated acidosis may not be present in the early hours following 
injury, even though the degree of shock is severe. Acidosis is, how- 
ever, regularly present in later stages. It usually tends to disappear 
as recovery takes place, but in one patient ,(J. V.), the circulation re- 
covered while acidosis actually became more marked. 

It will have been apparent from this report that we conceive of 
shock as an end stage of circulatory failure which may be approached 
in many different ways. Each type of injury produces its own set of 
disabling factors, whose resultant and final effect is a form of failure 
of the circulation that we recognize as shock. In the limited clinical 
material reported in this study, the state of shock occurring in skeletal 
trauma was found to be closely similar to that in hemorrhage. Burn 
shock differed chiefly by the existence of massive loss of blood plasma ; 
abdominal injuries also showed hemoeoneentration. 

Almost all of our patients in shock had considerable losses of blood 
volume and were of the ‘'secondary” type. Vascular or vasomotor col- 
lapse (so-called primary or neurogenic factors) may well have been of 
essential importance also, in some cases; but it was not possible to 
identify these factors with certainty. 
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bcre arc many important forms of injury that were not encountered 
m om- material, as well as complicating factors such as exposure, 
dehydration. pre-existing emotional states of various kinds. Further 
eases which we have subsequently studied may partly lilt in these gaps. 


SUMMARY 


1. .Measurements oi tin* circulation have been carried out in 36 
clinical eases ol injury id various types, with varying degrees of shock. 
I he primary purpose has been a descriptive study of shock in man. 

-• ^lie basic measurements employed have included: (a) plasma and 
blood volumes; (b) arterial, and peripheral and central (right auric- 
ular) venous pressures; .(c) cardiac output (direct Ficlc technique), 
(d) blood gases, hydrogen-ion concentration, lactic acid, proteins; (e) 
pulmonary ventilation and respiratory gas exchange; (f) renal clear- 
ances. 


3. Critical evaluation of the methods used has been presented. 

4. The clinical material consisted of 16 cases of severe skeletal trauma, 
4 eases of hemorrhage, 4 eases of burn, 6 abdominal injuries, 6 eases 
of head injury. 

5. The description derived from the data obtained conforms to the 
accepted view that traumatic shock in man is a rapid or precipitate 
failure of the circulation, usually associated with inadequate return 
How of blood to the heart. The chief findings were decreased cardiac 
output, low pressure in right auricle, low arterial pressure, and de- 
creased blood volume. 

6. The eases of shock due to skeletal trauma and those due to hemor- 
rhage, with one exception, all showed hemodilution rather than hemo- 
concentration. Burns and abdominal injuries showed hemoconcentra- 
tion. 

7. In G patients studied while in shock, or during recovery from 
shock, measurement of renal clearances showed marked reduction in 
effective renal blood flow, out of proportion to the decrease in the 
systemic blood flow, with a filtration fraction either normal or low. 
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and 13, 


Ai.kX.vndkk Buu.wscmviG, M.D., Chicago, III. 

T IIK Fifth Annual Meeting of the Society of University Surgeons \vi 
in Chicago, III., at the University of Chicago Clinics, Feb. 11, 12, i 
10 KI. Papers presented are published in this issue of Suita Eltv. 

la addition to those appearing here, Edward L. Howes, New York, discussed 
the rate and nature of epithcluutiou of experimental wounds and described 
a photographic method for recording this phenomenon. Herbert C. Maier, New 
York, reviewed the physiologic disturbances caused by mediastinal displacement 
after pneumonectomy. Frederick E. Kiedel, Charleston, S. C., presented further 
results and follow-up iu a series of patients subjected to myopexy for ameliora- 
tion of residual paralysis after cerebral thrombosis. D. Slaughter, Chicago, 
reviewed current conceptions of the indications for surgical and irradiation 
treatment of tumors of the skin. Repair of large bone defects by massive bone 
grafts was discussed by D. B. Phemister, Chicago. A series of patients with 
solitary fibrous lesions in the long bones was presented by C. H. Hatcher, Clu- 
i_-u.ro. " 'flu) various surgical procedures for relief of intractable pain were e- 
scribed bv E. A. Walker, Chicago. L. R. Dragstedt, Chicago, discussed the 
physiologic principles in surgery of the pancreas. C. B. Huggins, Chicago e- 
scribed experiments which demonstrated a fibrinolytic factor in prostatic fluid. 
This enzyme has previously been noted only as a product of bacterial » letabolls! “ 
but it would also seem to be a normal physiologic component of prostat.c flu d 
H P. Jenkins and Charles Dunham, Chicago, presented their studies on 
irritant properties of catgut tubing fluid and pointed out that ‘ s0ine 0 ® 

irritant properties attributed in the past to the catgut itself are in leali y due 
, . -jua of a high boiling point solvent used by the manufacture 

,t the catgut. ’ 1 S. M. Moon, Hcu- York, Moemoed tcmotal h.n.a. 
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its important c in (\Vei-s), 683 

Inil imm ition, stud) of pli) mi al tutors 
i onu rued in (II) (Beilis), 696 

Inguinal hermi, -urgn ,1 repur of, ion 
suit r ition of t a< tors liitlucm ing 
(I.iumler), > id 

Injution, eftu t of mtripentiini.il, of 
gistrn, str mgul tteil intestnul 
mil ippendu d loop lontent up 
mi the h in ocv to luunt (Hill 
uni () Loughlin), S7 
ill i irn iisi u-iiis (Beilis uni Cliurnev ), 
til 

Inti ru ition ll Sin u ti of Surger) (Gilts 
in r), 611 ( / ) 

Inti stin il utiwti ifter obstruition of 
mm mou bile duct (Cinonuo 
md M mn i, 31 


Intestinal activit) — Cont’d 

following distention of gall bladder 
and unnar) tract (Suen and 
Mann), 67 

capillary eneulation during distention 
(Oppenheimer and Mann) , 54S 
gastric, stiangulated, and appendical 
loop content, effect ol, mtra 
peritoneal injection of, upon 
kucoc)te count (Hill and 
O’Loughlin), 87 

obstruction, chronic partial, due to m 
tnssusception of appendix epi 
ploica i, Harte), 555 
strangulating obstruction with nega 
five roentgenologic findings 
(Goldman), 834 

trauma, expenmental shock produced 
by, protein and fluid balance in 
(Howland and Mahone)), 889 

Intrapcntoncal mjeet'on, effect of, of 
gastric, strangulated intestinal 
and appendical loop content up 
on the leucoe>te count (Hill 
and O’Loughlin), S7 

Intrathoracie operation, anoxia and an 
esthesia m (Adams), S59 

Intussusception of appendix epiploiea, 
chrome partial intestinal ob 
struetion due to (Harte), 555 

Iv 

Knee joint, changes in, at various ages, 
650 (B. Jiev ) 

treatment of flexion deformities of 
(Reich), 746 

L 

Labor, s)inpathetic anesthesia in, notes 
on, with case ot livedo return 
laris and \asosp ism treated by 
si mpathectoni) (Shumacker), 
257 

Leucoc)te count, effect of intrapentoneal 
injution of gistric, stringu 
latcd xntcstm il and ippendual 
loop mntent upon (Hill and 
O’Loughlin), S7 

Ligation of arteries of stomach, effect 
of, upon acid gastric secretion 
and upon endoscopic appearance 
of gastric muco-a in <log 
(Larne and Bergh), Uo 

Livedo reticul iris and v isospasm tre ited 
b\ S)nip ithei torn), with note- 
on symp ithetu mV-the-i i in li 
bor (filiuni uker), 257 

Lot il tre it ment md ihan-ing of burn-, 
u-e ol detergent- m (Ro-en’ 
berg), ’X") 

Long’s Craw ford, lir-t u-e of ether in 
-urger) .unit imi il of i Bol mil ) 
270 

“Luuie” dr mi-, jirolongcd dipemlmt 
ilruaige with, m tre ltment of 
ihronii o-tconmlitis (Dennis) 
900 ‘ 
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M 

Magnesium sulfate, analysis of reaction 
of human gall bladder ami 
sphincter of Oddi to (Boulcn 
et ul ), 723 

Management of appendical stump 
(C!oodc nn<l ICregel), 950 
Materials commonly u'-cd for preoper 
ati\e preparation of -.km, an 
evaluation of some (ir a t(ieid 
and Lockwood), i).!l 

Meusiuemout of uruilation rate (Beilis), 

Mediastinum, chrotn <* empyema due to 
del mold tumors of (Dorsey), 
755 

Medical and surgual first aid, 332 (13 

Jhi.) 

Medicine, war, 129 (IS J{ e i ) 

Meetings, recent, review oi, 99a 
Melanginogcnictis, line tcro ides, pathogen 
luty of, and its importance in 
surgical infections (Weiss), liS" 
Mesenteric vessels, gradual occlusion of 
(Laufinan), 10<> 

Metastasis, report of two eases with, 

‘ ‘ Imdroma ’ ’ , adenocarcmo 
ma cylindroma type (Dockertv 
and Mayo), 4 lb ~ 

Metastatic biaia abscess (BuVton and 
White), 309 

Metatarsal bone, t'levation of first, with 
hallux eqmnus (Hammond), 240 
Mice, bleeding time in, following oral 
administration of 3,3' met hj 
lene bis (4 hydroxyeoumarm ) 
(Laheh et al ), 31G 

Microscopic dugnosis of radiopaque sub 
stance in vermiform appends 
(Sanes and Ambriisko), 561 
Military training, recognition of, as de 
termination of eligibility for 
Ameiuan Boards (Ochsner), 
762 (IS) 

Mosbv, Charles Virgil, In nieruoriam, 
175 

Mucosa, gastric, endoscopic appearance 
of, and acid gastnc secretion, 
in dog, effect of ligation of 
aiferies of stomach upon 
( Layne and Beigh), 13(i 
Mv asthenia gravis, thymus m (Sloan), 
154 | 

N 

Neurologic radiology for cerebral an 
cnogiaphy, cranial seriognpii 
and its utility m (Sanchez 
Perez), C6l 

Neurological surgery, principles of, 331 

(B Pen ) , 

*** 2l/ 

Nutrition^ 

eta 1), 333 


O 

Obstruction, chrome partial intestinal, 
due to intussusception of ap 
pendix epiploica (Harte), 555 

ojstic duet, failure to reeoier sal 
fonamides from gall bladder 
bile m dogs with (Lvnn et al ), 
447 

intestinal strangulating, with negative 
roentgenologic findings (Gold 
man), 834 

of common bile duct, intestinal ac 
tnity after (Canonico and 
Mann), SI 

small bowel, treatment of (Dennis and 
BrowiD, 94 

Occlusion, gradual, of mesenteric vessels 
(Laufman), 406 

Omentum, hemangiopericytoma of (S tout 
and Cnssel), 57S 

Operation, circulation rate after (Beilis 
et al ), 35 

Operations, mtr.itiioracio, anoxia and an 
esthesia m (Adams), 859 

Operative choiangiographv (Bettman et 
al ), 131 

Ophthalmology and otolaruigology, 329 

(S See) 

Oral administration of 3,3’ metlivlene 
bis (4 hydroxy coumann), bleed 
ing time in mice following 
(Laheh et al ), 316 

Osteomyelitis, chronic, treatment of, 
prolonged dependent drainage 
with “lucite" drams in (Den 
ms), 900 

Osteotomy, pelvic support, resection of 
femoral seek with, for ankylosis 
of lup (Milch), 55 

Otolarvngologv and oplitlialmologv, 329 
(13 Sei ) 

Oxygen saturation, artennl, m postop 
erative period after pulmonary 
lesection (Maier and Gour 
nand), 109 


Paraphysial evsts of third ventricle 
(Weinbeiger and Boshes), 3bS 
Pathogenicity of bnctercodes melanmo 
gentcus and its importance m 
surgical infections (Weiss), 683 
Pathology, surgical, 650 (B Pei ) 
Pelvic support osteotomy, resection ot 
femoral neck with, for anhylo 
sis of hip (Milch), 55 
Penetrating gunshot and stab wounds 
of abdomen (Hamilton and 
Duncan), 107 

Perforations of gall bladder occurring 
m general surgical practice m 
moderate sized community 
(Stout and Hibbard), 7H 
Peripheral vascular disease, sympathy 
toniy m treatment of (Shu 
macker), 1 
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Peritonitis, sulfathiazolc in, experimental 
studies of value of (Both and 
Fernandez), S17 

Physical factors concerned in inflamma- 
tion (II) (Beilis), 696 
Physiologic and clinical aspects of shock 
(Mahoney and Howland), 18S 
basis for surgical treatment of asth- 
ma (Miscall and Rovenstine), 
195 

Plug, silver, as method of bronchial 
closure in experimental pneu- 
monectomy (Rosenthal et al.), 
SSO 

Pneumonectomy, experimental, silver 
plug as method of bronchial 
closure in (Rosenthal et ah), 
880 

Postcholecystectomy rupture of common 
bile duct (Brunsehwig), 951 
Postoperative period after pulmonary 
resection, arterial oxygen sat- 
uration in (Maier and Cour- 
nand), 199 

walking, early (Newburger), 692 
Post-traumatie focal epilepsy, utilization 
of encephalomyopexy in selected 
cases of (Siris), 053 
Pregnancy, urological diseases of, 331 
( 11. Rev.) 

Preoperative preparation of skin, evalu- 
ation of some of materials com- 
monly used for (Hatfield and 
Lockwood), 931 

Preparation of skin, preoperative, evalu- 
ation of some of materials com- 
monly used for (Hatfield and 
Lockwood), 931 

Prolonged dependent drainage with 
“lucite” drains in treatment 
of chronic osteomyelitis (Den- 
nis), 900 

Protection of patients who receive blood, 
principles in (Hoxworth), 321 
skin, new method of, for ileostomies 
and colostomies (Presman), 322 
Protein and fluid balance in experi- 
mental shock produced by in- 
testinal trauma (Howland and 
Mahoney), SS9 

Pruritus uni, intractable, radical opera- 
tion for ( Voung and Scott), 
911 

Pulley, double, humeral adaptation of 
Russell traction (Smith), 62 
Pulmonary resection, postoperative pe- 
riod after, arterial oxygen sat- 
uration in (Maier and Cour- 
liaml), 199 

suppuration, complicating inconspicu- 
ous, iu presence of chronic non- 
( uhe real ous cmpyctua; metas- 
tatic brain abscess (Buxton and 
White), 399 

Pyloric stenosis, infantile, problems of, 
with particular reference to sur- 
gical treatment t .‘S/.ilagyi ami 
Mctiruw), 701 


R 

Radical operation for intractable pruri- 
tus ani (Young and Scott), 911 
Radiology, neurologic, for cerebral angi- 
ography, cranial seriograph and 
its utility in (Sancliez-Perez), 
661 

Radiopaque substance in vermiform ap- 
pendix, microscopic diagnosis of 
(San.es and Ambnisko), 561 
Reaction of human gall bladder and 
sphincter of Oddi to magnesium 
sulfate, analysis of (Boyden et 
ah), 723 

Recognition of military training as de- 
termination of eligibility for 
American Boards (Oehsner), 
762 (E) 

Reconstructing the sphincterie mech- 
anism, method of, in anal in- 
continence (Ruzic et ah), 569 
Regional enteritis, acute, conservatism 
in surgical management of 
(Smithy), 122 

Repair of large incisional hernia, free 
autoplastic transplants of fas- 
cia lata in (Morse and Barb), 
521 

surgical, of inguinal hernia, consid- 
eration of factors influencing 
(Lavender), 535 

Resection, gastric, closing duodenal 
stump after, experimental studv 
of methods for (Slive et ah), 
711 

gastric acidity following (Holman 
and MeSwaiu), 916 
of colon in six cases of Hirschsprung’s 
disease (Ycazell and Bell), 911 
of femoral neck with pelvic support 
osteotomy for ankylosis of hip 
(Milch), 55 

pulmonary, postoperative period after, 
arterial oxygen saturation in 
(Maier and Coumand), 199 
Response, general, to gross trauma to ex- 
tremity, eft' cuts of application 
of tourniquet on (Duncan and 
Blalock), 101 

Reticularis, livedo, and vasospasm treat- 
ed by sympathectomy, with 
notes on sympathetic anesthesia 
in labor (Shumacker), 257 
Riding embolus of abdominal aorta, em- 
boleetomy for (Wikle and 
Cabot), 261 

Roentgenologic findings, negative, intes- 
tinal strangulating obstruction 
with {Goldman), S31 
Rupture, postcholecystectomy, of common 
bile duet (Brunsehwig), 951 
Russell traction, double pulley humeral 
adaptation of (Smith), 62 

S 

Sarcoma, synovial, with report of two 
cases (Lazarus and Marks), 290 
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Saturation, arterial oxygen, in postop- 
erative period after pulmonary 
resection (Maier and Cour- 
nnnd), 100 

Secretion, acid gastric and endoscopic 
appearance of gastric mucosa 
in dog, effect of ligation of ar- 
teries of stomach upon (Layne 
and Burgh), 130 

gastric, during night, effect of at- 
ropine on (Moars), 21-1 

Sequelae of transfixation of bone (An- 
derson and Fin Jayson), it; 

Seriogiaph, cranial, and its utility in 
neurologic radiology for cere- 
bral angiography (Sanehez- 
Perez), 001 

Serum, human and blood, behavior of 
staphylococcus bacteriophage in 
(VII) ; studies in bacteriophage 
(Jern and Moloney), 134 
sickness simulating acute abdominal 
disorders' (IJcrbe.i mid Bruno), , 
450 


Shock, clinical, studies of circulation in 
(Cournand et al.), 904 
experimental, produced by intestinal 
trauma, protein and tluiil bal- 
ance in (Howland and Ma- 
honey), 889 

physiologic and clinical aspects (Ma- 
honey and Howland), 188 
Sickness, serum, simulating acute ab- 
dominal disorders (Derbes and 
Bruno), 450 

Silver plug as method of bronchial clos- 
ure in experimental pneumonec- 
tomy (Rosenthal et al.)) §80 
Skiu, preoperative preparation of, evalu- 
ation of some of materials com- 
monly used for (Hatfield and 
Lockwood), 931 

protection, new method of, for ileos- 
tomies and colostomies (Pres- 
man), 322 

Small bowel obstruction, treatment of 
(Dennis and Brown), 94 
Sphineter of Oddi and human gall blad- 
der, analysis of reaction of, to 
magnesium sulfate (Boyden et 


ah), 723 

gphincteric mechanism, method of recon- 
structing, in anal incontinence 
(Ruzic et al.), 509 
cord, epidermoid tumor of 
(Craig), 354 

surgery of, in blood dyscrasias 
(Eliason and Stevens), 177 
Stab and penetrating gunshot wounds of 
abdomen (Hanultou and Dun- 


Spinal 

Spleen, 


can), 107 j 

Staphylococcus bacteriophage, behavior 
1 of in human serum and blood 
fVII) ; studies in bacteriophage 
(Jern and Meleney), 434 


Stenosis, infantile pyloric, problems of, 
with particular reference to 
surgical treatment (Sziiagyi 
and MeGraiv), 704 

Stomach, effect of ligation of arteries 
of, upon acid gastric secretion 
and upon endoscopic appearance 
of gastric mucosa in dog 
(Layne and Bergh), 13 G 

Strangulated gastric intestinal and ap- 
pendical loop content, effeet of 
intraperitoneal injection of, up- 
on leucocyte count (Hill and 
O’Loughlin), ST 

Strangulating obstruction, intestinal, 
with negative roentgenologic 
findings (Goldman), 834 

Stump, appendical, management of 
(Goode and ICregel), 950 

Subdural hydroma, acute, simulating 
syndrome of extradural hemor- 
rhage (Scott), 152 

Sulfanilamide and related compounds in 
general practice, 331 (B. Bev.) 

Sulfate, magnesium, analysis of reaction 
of human gall bladder and 
sphincter of Oddi to (Boyden), 
723 


Sulfathiazole in infected wounds, early 
and late topical use of (Riba 
and Aten), 582 

in peritonitis, experimental studies of 
value of (Poth and Fernandez), 
847 

Sulfonamides, failure to recover, from 
gall bladder bile in dogs with 
cystic duct obstruction (Lynn 
et al.), 447 

Suppression of infection in recent 
wounds by use of antiseptics 
(Benth), 007 

Suppuration, complicating inconspicuous 
pulmonary, in presence of 
chronic nontubereulous empy- 
ema; metastatic biain abscess 
(Buxton and White), 309 

Surgery, general, textbook of, 494 (B. 
Bev.) 

neurological principles of, 331 LB. 
Bev.) 

of ambulatory patient, 051 ( B . Bev.) 


of heart, 494 (B. Bev.) 
of spleen in blood dyscrasias (Eliason 
and Stevens), 177 

Surgical and medical first aid, 332 («• 
Bev.) 

infections, pathogenicity of bacter- 

oides melamnogemeus and 

Importance in ( Weiss) » 
management of acute regm'm 
teriiis, conservatism 

(Smithy), 122 


ell- 

in 
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Surgical management — Coat ’d 

of diabetic gangrene, problems in 
(McLaughlin), 423 
pathology, 630 (B. Tiev.) 
practice, general, in moderate-sized 
community, perforations of gall 
bladder occurring in (Stout and 
Hibbard), 734 

repair of inguinal hernia, considera- 
tion of factors influencing 
(Lavender), 535 

treatment of asthma, physiologic basis 
for (Miscall and Rovcnstine), 
4.95 

particular reference to, with prob- 
lems of infantile pyloric steno- 
sis (Szilagyi and McGraw), 
704 

Sympathectomy in treatment of periph- 
eral vascular disease (Shu- 
macker), 1 

livedo reticularis and vasospasm treat- 
ed by, with notes on sympa- 
thetic anesthesia in labor, 257 
Sympathetic anesthesia in labor, notes 
on, with caso of livedo reticu- 
laris and vasospasm treated by 
sympathectomy (Shumaeker),' 
257 

Syndrome of extradural hemorrhage, 
acute subdural hydroma simu- 
lating (Scott), 152 

Synovial sarcoma with report of two 
cases ( Lazarus and Marks), 
290 

T 

Tannic acid jellv, use of, in experimental 
burns (Matson), 394 
Textbook of general surgery, 494 ( B . 
lieu.) 

Therapeutic and clinical considerations 
of endometriosis (Sanders), 
224 

Therapy, wound, carbamide-sulfonamide 
mixtures in (Holder ami Mac- 
Kny), 077 

3, 3' - methylene-bis-( 4-hydroxyeounmrin), 
bleeding time in mice follow- 
ing oral administration of (La- 
j licit et al.), 310 
^Thrombosis, intravascular, dicomnuriu 
and prophylactic anticoagulants 
in (Beliakov), 450 ( F.) 

Tlivmus in mvasthema gravis (Sloan), 
154 

Tissues, bacteria in. some factors which 
influence .spread of (II); study 
of physical factors concerned in 
inflammation (Beilis), 090 
Topical use, early and late, of sull'a- 
ihiazole in infected wounds 
(itiba and Ateu), 5S2 


Tourniquet, effects of application of, on 
general response to gross trau- 
ma to extremity (Duncan and 
Blalock), 401 

Tract, urinary, and gall bladder, intes- 
tinal activity following disten- 
tion of (Svien and Mann), 67 
Traction, Russell, double pulley’ humeral 
adaptation of (Smith), 02 
Transfixation of bone, sequelae of (An- 
derson and Finlayson), 40 
Transplant, faseia lata, for difficult 
hernias (lason), 511 
Transplants, free autoplastic, of fascia 
lata in repair of large incision- 
al hernia (Morse and Barb), 
524 

Trauma, acute craniocerebral (Gurdjian 
ct al.), 333 

gross, to extremity, effects of applica- 
tion of tourniquet on general 
response to (Bunean and Bla- 
lock), 401 

intestinal, experimental shock pro- 
duced by, protein and fluid bal- 
ance in (Howland and Ma- 
honey), 8S9 

Treatment, local, of burns, use of de- 
tergents in (Rosenberg), 3S5 
surgical, of asthma, physiologic basis 
for (Miscall and Kovenstine), 
495 

particular reference to, with prob- 
lems of infantile pyloric steno- 
sis (Szilagyi and McGraw), 764 
Tumor, epidermoid, of .spinal cord 
(Craig), 354 

Tumors, dermoid, of mediastinum, ehron- 
>c_ empyema due to (Dorsey), 
755 

U ’ 

University Surgeons, Society of (Brun- 
sehwig) , 996 

Chicago, 111., Feb. 11-13, 1943, 
papers read at, 823-1010 
Urinary traet and gall bladder, intes- 
tinal activity following disten- 
tion of (Svien and Mann), 67 
Urological diseases of pregnanev, 331 
(B. Roe.) 

V 

Varicose veins, injection of (Beilis and 
Churney), 111 

\ ascular disease, peripheral, svmpathec- 
lomy in treatment of (Slm- 
mneker), ] 

Vasospasm and livedo reticularis treated 
by sympathectomy, with notes 
on sympathetic anesthesia in In-* 
bor, 257 

Veins, varicose, injection of (Beilis and 
Churney), 411 
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Ventricle, third, puraphyaial cysts of 
(Weinberger and Boshes), .'!0S 
Vermiform appendix, microscopic diag- 
nosis of radiopaque substance 
in (SaneH and Ambrusko), dlil 
Vessels, mesenteric, gradual occlusion of 
(Kaufman), -100 

\V 

Walking, early postoperative (Hen-burg- 
er), "ti!)2 

War medicine, USD (/>’■ AVc.) 


Wound therapy, carbamide-sulfonamide 
mixtures in (Holder and ATae- 
Kay), 077 

Wounds, abdominal gunshot, chemother- 
apy in (Loria), 5SS 
infected, sulfathia^olo in, early and 
late topical use of (Riba and 
Aten), 5S2 

of abdomen, penetrating gunshot and 
stab (Hamilton and Duncan), 
107 

recent, suppression of infection in, by 
use of antiseptics (Beath), 667 




